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PREFACE

This volume was not designed as a comprehensive ecological or botanical
treatise for the Nevada Test Site. Rather the present work has been assem
bled as a base for future studies regarding radiation effects and radionuclide
and mineral cycling problems which are of interest to the Atomic Energy Com
mission and manipulation experiments such as those of interest to the Interna
tional Biological Program. This volume also serves as a partial review of
literature of topics of importance in meeting the needs of the programs listed.
We hope that this initial effort will stimulate even more studies.

It is recognized that much of the information in this report is indicative
of our background and experience and that of our colleagues. In a way this infor
mation contributes to an interdisciplinary approach to some of the environmen
tal problems encountered at the Nevada Test Site. The disciplines of soil sci
ence, plant nutrition, statistics, horticulture, and plant physiology have been
freely mixed as an approach to problems which are generally considered to be
in the realms of ecology. We firmly believe that complex problems like those
associated with the ecology of the Nevada Test Site can be solved only by an
interdisciplinary approach. This is one reason why we are interested in the
objectives of the International Biological Program.

The Nevada Test Site is a great natural outdoor laboratory, the potential
of which has hardly been touched. The disturbances caused by testing pro
grams present many opportunities for research under a variety of conditions.
The diversity of natural systems at the Nevada Test Site makes possible a
series of studies which can be almost unparalleled in importance. We hope
that this present volume, which represents only a small portion of the biolog
ical work underway at the Nevada Test Site, adds something of value to the
store of accumulating information concerning this great national resource.

We also hope that studies and reports which concern the Nevada Test Site
can stand with other volumes such as "Environment of the Cape Thompson
Region, Alaska" and "A Tropical Rain Forest" as contributions to an under
standing of the effects of the nuclear age on ecosystems of the world.

Arthur Wallace
Evan M. Romney
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NOMENCLATURE OF PLANTS FROM THE NEVADA TEST SITE

THAT ARE USED IN THIS REPORT

This section contains an alphabetical listing of plant species used in this
work. For several reasons it was deemed more convenient to use this pro
cedure rather than giving authority for nomenclature with each topic. One rea
son was the difficulty of tabular presentations with the photoreduction method
used in preparation of this book.

An attempt has been to make this list up to date. In some instances in the
text explanations are given for recent changes but the text does not always con
form to the recent changes. The sources most commonly consulted were Beat
ley (1965, 1969, 1971). References in the text were also made to works of
Munz and Keck (1959), Munz (1968), Shreve and Wiggins (1964), and Benson
and Darrow (1954). A few species listed do not occur at the Nevada Test Site.

Acamptopappus shockleyi Gray
Allenrolfea occidentalis (Wats.) Kuntze
Amsinckia tessellata Gray
Antirrhinum filipes Gray
Arabis pulchra Jones
Artemisia arbuscula Nutt.

subsp. nova (A. Nels.) Ward
bigelovii Gray in Torr.
californica Less.
dracunculus L.
ludoviciana Nutt.

subsp. incompta (Nutt.) Keck
spinescens D. C. Eat.
tridentata Nutt.

Astragalus lentiginosus Dougl.
purshii Dougl.
tidestromii (Rydb.) Clokey

Atriplex canescens (Pursh) Nutt.
subsp. canescens

confertifolia (Torr. & Frem.) Wats.
hymenelytra (Torr.) Wats.
lentiform is (Torr.) Wats. var.

giffithsii L. Benson
linearis (Wats.) Hall & Clem.
polycarpa (Torr.) Wats.
rosea L.

Ba~multiradiataHarv. & Gray
Bromus rubens L.
Calycose~ightiiGray
Caulanthus cooperi (Wats.) Pays.
Ceanothus greggii Gray
Cercidium microphyllum (Torr.)

Rose & Jtn.
Cercocarpus ledifolius Nutt.
Chaenactis carphoclinia Gray

fremontii Gray
macrantha D. C. Eat.

Chenopodium atrovirens Rydb.
Chorizanthe brevicornu Torr.

rigida (Torr.) T. & G.
Chrysothamnus nauseosus (Pall.) Britton

parryi (Gray) Greene
viscidiflorus (Hook) Nutt.

subsp. puberulus (D. C. Eat. ) Hall
& Clem.

Coleogyne ramosissima Torr.
Cowania mexicana D. Don
Cryptantha circumscissa (H. & A.) Jtn.

nevadensis Nels. & Kenn.
recurvata Cov.

Cuscuta nevadensis Jtn.
Dalea fremontii Torr.
Delj?hinium parishii Gray
Descurainia pinnata (Walt.) Britton
Dyssodia cooperi Gray
Encelia virginensis A. Nels.
Ephedra californica Wats.

funerea Cov. & Mort.
nevadens~Wats.
torreyana Wats.
viridis COy.

EriOgOi1Um fasciculatum Benth.
inflatum Torr. & Frem.
maculatum Heller
nidularium Cov.
ovalifolium Nutt.
trichopes Torr.

Eriophyllum pringlei Gray
Eschscholzia glyptosperma Greene
Eucrypta micrantha (Torr.) Heller
Eurodium cicutarium (L.) L'Her.
Eurotia lanata (Pursh) Moq.
Festuca octoflora Walt.
Franseria dumosa Gray
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eriocentra Gray
Gilia~ (Jones) Heller

clokeyi Mason
transmontana (Mason & A. Grant)

A. & V. Grant
Grayia spinosa (Hook) Moq.
Gutierrezia microcephala (DC.) Gray
Haplopappus cooperi (Gray) Hall
Hilaria jamesii (Torr.) Benth.

rigida (Thurb.) Benth. ex Scribn.
Hymenoclea salsola T. & G.
Ipomopsis polycladon (Torr.) V. Grant
Juniperus osteosperma (Torr.) Little
Kochia americana Wats.
Krameria parvifolia Benth.
Langloisia setosissima (T. & G.)

Greene
Larrea divaricata Cay.
~entataSes. & Moc. (replacing

1. divaricata Cav.)
Lepidium fremontii Wats.

lasiocarpum Nutt.
Linanthus bigelovii (Gray) Greene

demissus (Gray) Greene
Lupinus argenteus Pursh
Lycium andersonii Gray

cooped A. Gray
pallidum Miers
shockleyi Gray (1. rickardii C. H.

Mull. )
Lygodesmia exigua Gray
Machaeranthera leucanthemifolia

(Greene) Greene
tortifolia (Gray) Cronq. & Keck

Malacothrix glabrata Gray
Menodora spinescens Gray
Mentzelia albicaulis (Hook) T. & G.

veatchiana Kell.
Mirabilis bigelovii Gray

pudica Barneby
Muhlenbergia ported Scribn.
Nama demissum Gray
NiCOtiana trigonophylla Dunal in A. DC.
Oenothera megalantha (Munz) Raven

munzii Raven
j)riffiiVeris Gray

Opuntia basilaris Engelm. & Bigel.
Oryzopsis hymenoides (R. & S.) Ricker
Oxytheca perfoliata T. & G.
Pectocarya platycarpa (M. & J.) M. & J.
Peucephyllum schottii (Gray) Gray
Phacelia fremontii Torr.

vallis-mortae J. Voss
Pla~~is Eastw.
Poa nevadensis Vasey ex Scribn.

sandbergii Vasey
Polygala subspinosa Wats.
Prosopis juliflora (Sw.) DC. var.

torreyana L. Benson
Prunus fasciculata (Torr.) Gray
Psilostrophe cooperi (Gray) Greene
Purshia tridentata (pursh) DC.
Rafinesquia neomexicana Gray
Salazaria mexicana Torr.
Salix gooddingii Ball
Salsola iberica Sennen & Pau (replac

ing S. pestifera A. Nels. det. by
V. Botschantzev, 1970

paulsenii Litv. @. kali L. )
pestifera A. Nels. @. kali L. )

Salvia leucophylla Greene
Sarcobatus vermiculatus (Hook) Torr.
Selinocarpus diffusus Gray
Sitanion hystrix (Nutt.) J. G. Sm.

jubatum J. G. Sm.
Sphaeralcea ambigua Gray
Sporobolus airoides (Torr.) Torr.

flexuosus (Thurb.) Rydb.
Stanleya pinnata (Nutt.) Britt.
Stephanomeria exigua Nutt.

pauciflora (Torr.) Nutt.
Stipa speciosa Trin. & Rupr.
Streptanthella longirostris (Wats.)

Rydb.
StyIodine micropoides Gray
Tamarix pentandra Pall.
Tetradymia axillaris A. Nels.

canescens DC.
Thamnosma montana Torr. & Frem.
Thelypodium lasiophyllum (H. & A. )

Greene
Verbena bracteata Lag. & Rodr.
Yucca baccata Torr.
~evifolia Engelm. in Wats.

elata Engelm.
SCilidigera Roezl ex Ortgies
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INTRODUCTION

The Mojave Desert is a portion of the North American Desert lying to the
south of the Great Basin Desert and north and west of the Sonoran Desert. The
Mojave includes portions of southeastern California, southern Nevada, and ex
treme southwestern Utah. It embraces some of the most arid regions of the
North American Desert. Life processes are dominated by the amount and
time of distribution of rainfall and there may be pronounced year-to-year dif
ferences (as well as marked micro-geographical variation) in productivity.

Figure 1. Mojave and Great Basin Deserts. (Map courtesy of
Dr. C. D. Jorgensen, Brigham Young University.)
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Figure 2. Nevada Test Site.



INTRODUCTION 3

Within the transition zone between the Mojave and Great Basin Deserts
lies the Nevada Test Site which comprises over 3000 sq km in southwestern
Nevada (Figure 1). It is owned and operated by the United States Atomic En
ergy Commission. Access to it is through the community of Mercury, which
is an installation controlled by the Federal Government. Mercury is about 100
km northwest of Las Vegas, Nevada, and just off U.S. Highway 95. The Ne
vada Test Site extends north about 100 km and about 30 km west of Mercury.
Its elevation varies from 975 to over 2300 m. Drainage is partly into playas
of closed basins and partly into Death Valley via the Amargosa Drainage
Basin. Annual rainfall averages from 10 to 15 cm, most of which occurs in late
winter. More important, there is considerable variation in year-to-year
precipitation. Summer rains occur occasionally. Air temperatures range
from below freezing to well over 31lC and are almost as irregular as rainfall
in that large differences are encountered from year to year. Primary produc
tion is controlled by soil moisture in combination with air and soil tempera
tures; the primary production is divided between perennial shrubs and winter
annuals. There are very few summer annuals.

Ecologically the Nevada Test Site lies in a transition zone between the Mo
jave and Great Basin Deserts with a large number of ecotonal variations from
place to place depending upon elevation, drainage, slope exposure, tempera
ture and edaphic factors. Beatley (1965, 1967, 1969) has a series of 68 study
plots on the site, most of which are on essentially different types of vegeta
tion. The shrub vegetation is Larrea- Franseria in the more typically Mojave
Desert-type associations at lower elevations. Larrea-Lycium-Grayia is
mostly at mid-elevations with Coleogyne on many of the upper bajadas. Arte
misia- Pinyon-Juniper characterize the higher elevation Great Basin Desert
type associations.

Animals, including arthropods, of the Nevada Test Site have been col
lected, classified, and specimens preserved at various herbaria by investiga
tors from Brigham Young University. The information has been documented
in a reasonably large number of publications (see works of Allred, Jorgensen,
Tanner and associates). Similar efforts for plants have been largely under
the direction of Dr. Janice Beatley, University of California, Los Angeles,
who has developed an herbarium of more than 12,000 entries of nearly 1100 spe
cies collected from, or near, the Nevada Test Site. Certain aspects of plant
and animal ecology, and problems related to environmental contamination
from radioactive fallout debris have been studied intensively for several years
at the Nevada Test Site and at UCLA laboratory facilities (see works of Beat
ley, French, Larson, Martin, Nishita, Romney, Turner and Wallace).

One of the maj or ecological efforts of UC LA investigators has been in the Rock
Valley area located near the southern boundary of the Nevada Test Site about
20 km west of Mercury, Nevada (Figure 2). This area was set aside by the
USAEC specifically as a place where biological studies could be made on a
long-time basis. Rock Valley is about 130 sq km in area and is more or less
encircled by low mountains. Drainage from the valley is to the southwest into
the Amargosa Valley. Within a fenced area in the valley is a 33,600 curie
137Cs source, tower mounted, for the purpose of irradiating a 9-hectare plot
having a relatively uniform chronic level of gamma radiation. The exposure
ranges from 2 to 10 R per day within the fenced area except for periods when
the source is stored underground to permit field work. Chronic radiation ef~

fects are being studied on small mammals, lizards, arthropods and plants.
There are two fenced control plots of 9 hectares each, and a nonfenced control
plot. Some other complementary plant and animal studies are being made out
side the fenced areas in Rock Valley. Historically, the initial plans for a
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study of radiation effects on plant populations in Rock Valley were made by Dr.
W. E. Martin in collaboration with R. A. Harvey (see appendix). Results
from this study from February 1964 to July 1967 are included in the section,
"An assessment of the seasonal growth on some desert shrubs subjected to
chronic, low intensity gamma radiation." Within the Rock Valley area is an
other study plot of about 0.5 sq km in area which serves as one of the desert
biome validation-study sites for the International Biological Program.

A smaller but intensive study area has been established near Mercury,
Nevada, where irrigation, fertilization and other environmental manipulation
studies are being conducted with a view of assessing the nature and magnitude
of limiting factors of primary productivity. It is here also that considerable
effort is being expended on studies of mineral cycling. Some additional soil
and plant studies are being made in areas of Frenchman and Yucca Flats and
at higher elevations around Pahute Mesa of the Nevada Test Site.

Soils at our more intensive study areas are derived from a heterogeneous,
highly calcareous alluvium, composed primarily of Cambrian limestones. The
soil surface is well developed desert pavement which is often underlain with a
massive caliche hard-pan layer at depths ranging from 30 to 60 em. Micro
relief and soil profile structural features are responsible for several vegeta
tion patterns. Perennial plants generally occur in discrete clumps containing
from 2 to 5 different species, and these clumps host many species of annual
plants with no apparent evidence of allelopathy. An intensive survey has been
conducted to characterize and determine the physical and chemical properties
of soils in our study sites and in other areas of pertinent interest. The nature
and properties of these soils are the theme for another report in preparation.



EFFECTS OF A CHRONIC LEVEL OF GAMMA RADIATION

FOR 5 YEARS ON SHRUBS

IN THE NORTHERN MOJAVE DESERT

Several groups of workers have shown that irradiation of an ecosystem
can result in differential injury to plant species and hence can result in changes
in botanical composition of the system (Garrett, 1967; Platt, 1963; Rhoadset
al., 1969; Woodwell and Sparrow, 1962).

Figure 1. Topography of Rock Valley study area with 9-hectare
fenced enclosures. A33,600 curie 137Cs source is installed in plot B.
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Since Sparrow et al. (1961, 1963) have shown that susceptibility to radia
tion injury is systematically related to nuclear volume, or more specifically
to the interphase chromosome volume for different species, and since there is
a wide difference in nuclear volume among the species involved in the desert
ecosystem, it can be expected that wide differences in susceptibility to ioniz
ing radiation would occur.

The Rock Valley research program out of which this particular study has
developed was initiated as a comprehensive ecological investigation of the ef
fects of chronic low level gamma radiation in a desert environment. Follow
ing earlier background studies, a 33,600 curie 137 Cs source was placed in
the study area in the winter of 1964 (French, 1964).

The location of the study area is 20 km west of Mercury in Nye County,
Nevada. It lies in the southwest corner of the U. S. Atomic Energy Commis
sion's Nevada Test Site in the Rock Valley section (Figure 1). The elevation
is about 1050 m and the slope is to the northwest with a gradient of 3 to
4 per cent. The study area approaches the limits of the northern Mojave Des
ert with some overlap with Great Basin plant species. Indigenous shrub com
position is characterized by the following species with their per cent frequen
cies of approximately 5000 total shrubs per hectare: Larrea divaricata - 21%,
Lycium andersonii - 22%, Lycium pallidum - 5%, Franserla dumosa - 17%,
Ephedra nevadensis - 12%, Krameria parvifolia - 13%, and 10% other species
(unpublished data of W. Martin). Plant taxonomy has been worked out by
Beatley (1969). The soils are a highly calcareous alluvium with heavy, almost
impenetrable "caliche" deposits lying from 35 to 50 em below the surface.

The gamma radiation source is 33, 600 curies of 137Cs mounted atop a
15-m tower in plot B. Details of this source and its design were reported by
Lucas et al. (1966). In order to achieve some uniformity of radiation exposure over
the 9- hectare fenced plot, the source is subtended with a lead shield of dif
ferential thickness. The resulting radiation exposure at ground level is ap
proximately 750 mR per hour 20 m from the tower and at the periphery of the
plot, 170 m distant, exposure is 75 mR per hour. At 350 m from the tower
the exposure is less than 10 mR per hour (Figure 2). The cumulative expo-
sure at the time of this evaluation was 29 kR 20 m from the tower, 3 kR at
170 m and approximately 200 R at 350 m. This latter point is outside the
fenced plot. The cumulative exposure time was 1636 days. The 137Cs source
is lowered into a heavy lead cask below ground about 5 days each month to
permit entry for study purposes.

Field data obtained in these plots in the years 1964 to 1968 were subjected
to multivariate analysis by species using Biomedical Computer Programs
BMDX63, Multivariate General Linear Hypothesis of the Health Sciences Com
puting Facility (French, 1969). The variables simultaneously considered in
each analysis were:

1. Increase in shoot length (mm).
2. Number of leaves per em of shoot length.
3. Increase in lateral shoot length per em of shoot length.
4. Number of flowers per em of shoot length.
5. Number of fruits per em of shoot length.

The results from this analysis indicated differences among years for each
species and between plots for the species L. divaricata, L. andersonii, and E.
nevadensis but not for Grayia spinosa, ;[. dumosa, or 1. -pallidum. Estimated
nuclear volumes for these six shrub species, respectively, were 212, 466,
600 - 800, 128, 152, and 156. If one were predicting which of the six species
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(Reprinted from UCLA Report 12-532 by N. R. French.)

might respond to the gamma radiation, those with the largest nuclear volumes
would be chosen. The reasons for differences among years is easily explained
by the pattern of rainfall (see appendix).

The variability of the data from which the multivariable analyses were
made led us to suspect that some of the differences among plots were not real
so additional comparisons were made in 1969.

Materials and Methods

The field work conducted in the plots in the spring of 1969 was designed
to obtain additional information on those species having the largest nuclear
volume which are the species with significant differences between plots in the
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previous study. For two species, 1;. andersonii and 1;. divaricata, a sample
transect line was laid out extending northward and southward from the 137Cs
source tower with three discrete locations being sampled at distances of 60,
152, and 335 m from the tower. Five plants of each of the two species were
chosen at each location. Five shoot areas were marked on each plant and the
shrub volume was measured. At appropriate times total flower counts were
made for each shoot and, at a later date, fruit counts were made for these
shoots. Fruits were then removed and counted, samples of seeds from each
of the transect locations were reserved for viability testing. All plants taken
were as closely clustered to the transect locations as possible. A total of 30
plants of each species were sampled. Care was taken in establishing the tran
sect lines to maintain the same elevation and p~ants were picked from the same
general soil type.

We then determined the percentage of flowers producing fruit and addition
ally tested the seed for viability.

Ephedra nevadensis, the species having the largest nuclear volume, was
studied somewhat more intensely. With this species we compared plants in the
irradiated plot with those growing in a control plot. We divided each of the two
plots into parallel strips with alternating widths of 15 and 30 m. Every plant
with 50 per cent or more of its ground cover lying inside the 15-m strip was
sampled. Thus we effectively censused approximately one-third of all ~.

nevadensis plants in each plot. E. nevadensis is a dioecious species and counts
were made to determine the number of staminate cones on each male plant.
Ovulate cones were not sampled but fruit counts were made for all ovulate
plants. Each plant was classified vegetatively as follows:

Poor - little or no new shoot growth
Fair - shoot growth sparse and less than 7 em
Good - shoot growth heavy and many shoots 15 to 30 em long
Very good - shoot growth luxuriant with many shoots in excess of 30 em.

Experimental Results

The choice of 1969 for detailed studies of radiation effects was a good one
for at least one reason. The rainfall in February and March 1969 was abun
dant (see appendix) and conditions following were very favorable for growth of
shrubs. Over 20 em of precipitation occurred from October 1968 through
March 1969 and April and May had the highest mean temperatures for 7 years
of record. A more favorable season had not been available for many years.
These favorable conditions could be expected to allow any stress from radia
tion to become the limiting factor and consequently to be expressed. This
proved to be the case for ~. nevadensis. In some years growth can hardly be
detected on this species but in 1969 the species grew extremely well except
in the irradiated plot.

The results in 1969 for E. nevadensis show that the radiation had caused
great differences in flowering, fruiting, and vegetative growth (Table 1). The
results observed in the irradiated plot were not observed anywhere else on the
test site and it must be concluded that the results were due to radiation. A
greatly important aspect of the 1969 results is that it was a year conducive to
large amounts of shrub growth and reproduction because of winter rains and
favorable temperature conditions throughout the spring of 1969. The rainfall
assured that soil moisture was above field capacity and not acting as a limiting
factor in plant growth and reproduction.

Laboratory studies with ~. viridis indicate that 2 to 3 kR of Y radiation
as an acute dose greatly decreased vegetative growth (see page 109).
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Table 1. Effect of 5 years of Y irradiation on some characteristics of
~. nevadensis in the spring of 1969.

9

New vegetative shoot growth*
(no. of plants)

Condition of
new growth

Poor
Fair
Good
Very good

Total**

Plot B
Irradiated

472
650
505

o
1627

Plot D
Nonirradiated

58
296

1066
495

1915

Chi square

Probability of
nonsignificance

<.01
<.01
<.01
<.01

No. of staminate cones
on each plant

25 or fewer
26 - 100
101 and over

Total no. with cones

No. of fruits
on each plant

25 or fewer
26 - 100
101 and over

Total no. with fruits

Cone production
(staminate plants only)

(no •. of plants)

63 238
11 242

3 208

77 288

Fruit production
(no. of plants)

19 238
1 169
o 109

20 516

<.01
<.01
<.01

<.01

<.01
<.01
<.01

<.01

Summary of staminate cones and fruits

Per cent with cones
Per cent with fruit

4.8
1.2

35.9
27.0

<.01
<.01

*For meaning of poor, fair, good, and very good see text.
**Includes both staminate and pistillate plants.

The results obtained in 1969 for 1. andersonii were inconclusively related
to radiation (Table 2). Laboratory studies with acute doses of y radiation in
dicate that 4 to 7 kR are necessary to cause severe injury in the species (see
page 67).

No radiation effects on flowering and fruiting of 1. divaricata were evident
in 1969 (Table 3). Acute doses of radiation for this species of around 10 kR
have been shown to be necessary for injury (see page 67).

These results as well as those of Rhoads et al. (1969) concerning radiation
from nuclear detonations indicate that shrub species can be differentially in
jured in a desert ecosystem by excessive amounts of ionizing radiation. The
species ~. nevadensis is common to the ecosystem studied by Rhoads et al.
(1968) and the ecosystem in the present study. The results for both systems
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Table 2. Effect of 5 years of y irradiation on some characteristics of
b. andersonii in the spring of 1969.

Location from
y source

m

West 60
East 60
West 152
East 152
West 335
East 335

F value
LSD.05
LSD.01

Mean No. of flowers No. of fruits
vol. of shrub per plant segment per plant segment
(mean of 5) (mean of 25 (mean of 25

m3 segments) segments)

0.57 54.0 14.2
0.74 65.0 7.8
0.82 56.9 8.0
0.87 79.9 45.2
0.45 61. 8 28.2
0.25 55.5 17.9

2.36* 4.26* 9.3**
0.46 12.8 13.0
N.S. 16.9 17.2

are similar. As in ecosystems studied elsewhere (Baylocks, 1967; Garrett,
1967; Platt, 1963; Rhoads et al., 1969; Woodwell and Sparrow, 1962) these
results show that ionizing radiation can profoundly change an ecoGystem by
differentially removing some of the plant species.

Seeds collected in the spring of 1969 were tested for germination. Either
two or four sets of 100 seeds for each species were planted in flats of vermic
ulite in a glasshouse and the number of germinating seeds were counted. The
low percentage of germination was typical of other results obtained with these
species in this laboratory. Six (3, 3) of 200 seeds of~. nevadensis from in
side plot B (irradiated) germinated while 3 (0, 3) from inside plot D (nonirradi
ated) germinated. No seeds from a collection made randomly in Rock Valley
from outside the study area germinated in the test. Eleven 1. divaricata
seeds (3, 0, 6, 2) of 400 from within 15 m of the source in plot B germinated.
Seventeen (6, 5, 3, 3) of 400 seeds collected 160 m from the source germi
nated while 13 (2, 2, 6, 3) collected 335 m from the source germinated.

Table 3. Effect of 5 years of Y irradiation on some characteristics of
1. divaricata.

Location from Mean No. of flowers No. of seeds
Y source vol. of shrub (mean of 25 (mean of 25

(mean of 5) shoots on 5 segments on
m m3 plants) 5 plants)

West 60 0.55 45.6 42.0
East 60 1. 97 44.7 32.9
West 152 0.71 45.6 41. 0
East 152 0.93 60.5 51. 7
West 335 0.59 47.6 35.2
East 335 0.51 52.1 49.8

F value 0.5 2.7* 2.2
LSD.05 N.S. 10.3 N.S.
LSD.01 N.S. N.S. N.S.
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With 1. andersonii 5 seeds (1, 1, 2, 1) from 15 m, 5 seeds (0, 3, 1, 1)
from 160 m and 8 seeds (2, 2, 4, 0) from 335 m germinated. The results with
these three species do not suggest an effect of radiation on the seed germina
tion in the test. They suggest only that percentage germination for these spe
cies was very low and that assessment of the possible effects of radiation on
germination of seed in this type of study would be extremely difficult to achieve.

Summary

A 33,600 curie 137Cs source which was differentially shielded to increase
the uniformity of the distribution of radiation was mounted on a 15-m tower in
the center of a 9-hectare plot in January 1964 in the Rock Valley area of the
northern Mojave Desert. In the spring of 1969 the large majority of approxi
mately 5000 ~. nevadensis within the plot failed to produce flowers and very
little vegetative growth occurred in contrast to a control plot and to other non
irradiated areas. The cumulative radiation exposure throughout the plot ranged
from 3 to 29 kR. Radiation effects on L. andersonii were uncertain and ef
fects were doubtful on other species. E-:- nevadensis and L. andersonii have
higher nuclear volume than do the other shrub species. COnsiderable resis
tance to gamma radiation is experienced for several of the other species given
acute exposure under laboratory conditions.



AN ASSESSMENT OF THE SEASONAL GROWTH ON

SOME DESERT SHRUBS SUBJECTED TO

CHRONIC LOW INTENSITY GAMMA RADIATION*

The proliferation of nuclear weapons and the growing dependence on nucle
ar fuels to replace diminishing fossil fuels has created a new and serious di
mension to the biological environment. The potential disruptive effects brought
about by the increase of chronic levels of radiation in the biosphere have pro
vided the stimulus for a great amount of research. Such investigation is of
considerable academic interest, but the practical and far-reaching implica
tions of these endeavors should not be overlooked.

Early biological studies at the Nevada Test Site were concerned with the
gross effects on the ecosystem which resulted from the detonation of nuclear
devices in the atmosphere (Larson et al., 1952, 1960; Lindberg et al., 1954).
Although profound biological changes did occur over large areas as the result
of these tests, the effects of radiation~ se on that ecosystem were techni
cally impossible to separate from a number of other factors. The observed
damage was clearly the result of multiple causes which included the overlap
ping effects of thermal radiation, blast, inundation, ground shock, and dust,
as well as of nuclear radiation (Shields and Wells, 1962, 1963; Rickard and
Shields, 1963; Martin, 1963; Beatley, 1965). The results of such studies, al
though important and of great interest, were limited relative to the fundamental
question of chronic radiation effects on a natural desert community.

The Rock Valley project, of which this plant study is a part, was designed
specifically to investigate the effects of chronic, low-intensity gamma radiation
on a desert ecosystem. At this time it is unique. The fixed gamma source
(33,600 curies 137cs) is differentially shielded to greatly reduce the normal
"inverse square" distribution of radiation with distance (Lucas et al., 1966).
The design of the tower and shield which supports the source, provides a rea
sonably uniform gamma level of2 to 10 roentgens (R) per day, distributed over
a fenced circular plot approximately 340 m in diameter.

These facilities were used for the plant study reported here. It is part of
an integrated ecological study being conducted in this division. Reports cover
ing mammal, lizard, and arthropod studies appear elsewhere (French, 1964,
1969; Turner et al., 1965, 1969; Turner and Lannon, 1968; French et al., 1966,
1967 ).

The data which provide the basis for this report were collected mostly by
R. A. Harvey from February 1964 to July 1967. They consist of more than a
half million individual observations made during the four growing seasons cov
ered by the study. The assessment was based on precise monthly measure
ments of tagged terminal shoots on shrubs in the irradiated plot and in an adja
cent non-irradiated control plot. The shrubs sampled represent the six species
dominant in both plots. Seasonal morphological changes were numerically re
corded and comparisons between species and plots were made to: (1) document
the qualitative and quantitative responses of seasonal growth, (2) identify and
quantitate the effects of chronic low level gamma radiation on the dominant
shrubs.

*This report was prepared by R. A. Harvey and the study originally designed
by W. E. Martin (see page 392).
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Description of Study Area

13

Topography
The gamma field (Plot B) and the control area (Plot D) in which these

studies were conducted, are located on a broad alluvial fan bordering the north
west side of the Specter Range. The general location is Rock Valley, 20 km
west of Mercury in Nye County, Nevada. The facilities are within a se
curity area on land administered by the U. S. Atomic Energy Commission's
Nuclear Test Site (Figure 1).

The average elevation of the study area is approximately 1050 m mean
sea level. The slopes within the plots range from 3% to 4% and the initial
drainage is toward the northwest. Subsequent drainage from the valley floor
is toward the southwest into the Amargosa Desert drainage basin. In the lower
portions of the study area are well-defined drainage channels and patches of
bare, unusually structured soil surface called desert pavement.

Figure 1. View of study area in Rock Valley. Plot B is the gamma
field. Plot D served as the control area for the plant study.
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These factors of slope, drainage and desert pavement are responsible for
a degree of vegetational heterogeneity which complicated the selection of an
adjacent control area for the radiation study.

Soil
The soils in the study area are derived from a heterogeneous, highly cal

careous alluvium. The parent material is principally Cambrian limestone
from the Specter Range (Johnson and Hibbard, 1957). On the steeper slopes
above the plots and in the shallower drainage channels which cross the study
area, there has been little profile development. The soils on the gentler slopes
have characteristic profiles.

Two soils have been characterized and their distribution has been mapped
on the basis of surface characteristics (see page 394). Type I is a loose sandy
loam which forms the principle soil surface in the study area. Type II is a
loosely consolidated soil designated as "desert pavement" due to its unusual
surface structure (Springer, 1958). Partial analysis of these soils appear on
page 394.

Nearly all of the plants and the animal burrows are to be found in the abun
dant Type I soil. Its loose, broken surface affords easy penetration for the
seeds of plants.

On the other hand, the islands of desert pavement, Type II, which are in
terspersed with the dominant soil are bare of vegetation and are only infre
quently invaded by burrowing animals. The surface of this pavement is com
posed of flattened stones (1 to 4 cm diameter) lying close together with their
long axis parallel to the soil surface. This forms a smooth, hard surface
which gives the appearance of a tiled floor. These surface stones are embed
ded in a thin layer of fine loam having a definite vesicular structure. 'When
the soil is wet, the surface yields to pressure in a sponge-like manner. The
underside of the surface stones is encrusted with lime and the upper surface
of these stones is frequently etched by erosion into bizarre patterns. Some
desert varnish composed of material other than the parent limestone is present
on pavement stones.

The profiles of both soil types are characterized by the downward move
ment and deposition of lime and other soluble minerals released by the weath
ering of surface rocks. Stones in that region designated as Horizon A have
lime encrustations only on the undersides. Buried stones in Horizon B have
lime coatings on all surfaces. The matrix soil in Horizon B has a weak, blocky
structure.

The frequency of lime seams and nodules increases with depth, and heavy
deposits generally below two feet form a massive, cemented caliche which un
derlies the entire area. In the deeper drainage channels, the caliche has been
stripped of its overburden and lies exposed at the surface.

It is apparent that the shallowness of the soil which overlays this caliche
is of fundamental importance to the plant community. With root penetration
limited to soil above the caliche layer, there are obvious limits to the soil
reservoir that these plants can draw upon regardless of the rainfall supplied
throughout the season. Compared with adjacent areas in the Mercury and
Frenchman drainage where the soil is deeper, the shrubs in the study area are
smaller in size and contain considerable amounts of dead wood. It appears
that stresses related to edaphic structure are largely responsible for the stunt
ed appearance of the plant community in the study area in Rock Valley.
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Vegetation and Phenology
The vegetation in the study area conforms to the general characteristics

of the northern Mojave Desert (Allred et al., 1963). It is ecotonal in nature
with species dominance not as clearly defined as in some adjacent areas.
Great Basin species integrate from the northeast and the Rock Valley drainage
approaches the northernmost extension of clearly defined Mojave flora.

A preliminary survey of the study area in 1963 (see page 396), using the
Quarters Method of vegetational analysis (Cottam and Curtis, 1956) provided
data which (1) formed the basis of community description, (2) revealed species
dominance, and (3) established criteria for the selection of a suitable control
area.

Prior to the initiation of the plant study, the irradiated plot (Plot B) had
been selected and the hardware installed. The mammal and lizard studies
were in progress. One of three possible control areas used in these studies
had to be selected as an experimental control area for the plant study. In spite
of some obvious topographic differences, Plot D was selected as the best
choice based on species similarity to the plot with the gamma radiation field.
Data derived from the Quarters Method of analysis showed a coefficient of sim
ilarity of 86 based on a calculation of importance value for the seven dominant
species (see page 396). Species dominance as indicated by frequency, cover;
density, volume, etc. in both plots was more completely defined by line inter
cept analysis (Canfield, 1941). Fifty lines, 15.2 m in length, were set out
over the irradiated as well as the control plot (see page 393). These data
formed the basis for selecting the six dominant shrubs typical of both plots for.
detailed study. These shrubs are (1) Ephedra nevadensis, (2) Franseria du
~, (3) Grayia spinosa, (4) Larrea divaricata, (5) Lycium andersonii, and
(6) Lycium pallidum. illustrations of these shrubs appear in Figures 2 to 7.
Other shrubs present are given on page 396.

In general appearance the community consists of scattered clumps of
shrubs. These shrubs frequently consist of from two to five different species
growing together. Per cent of ground surface covered by these shrubs was
also determined by line-intercept analysis. Cover in Plot B was 23.4% and in
Plot D was 22.7%. These data further revealed that 4.6% in Plot Band 9.1%
in Plot D of the total plant intercept was covered by dead shrubs. In addition
to those which were obviously dead, nearly all of the mature shrubs are com
posed of moderate to large amounts of dead wood. An infestation of Cuscuta
nevadensis, a succulent parasitic herb commonly known as dodder, which
flourishes in the area during unusually moist years, no doubt contributes sub
stantially to this damage. This is particularly true of ;k. andersonii, ;k. palli
dum, Q. spinosa, and [. dumosa that appear to be especially susceptible host
plants (see page 162). Selective die-back in all species due to other causes
was also observed during the summer months throughout the study.

All six species selected for study, with the exception of L. divaricata,
remain leafless and inactive throughout most of the year except for a rela
tively brief three- to five-month period between February or March and July.
During years when sub-normal winter rains occur, little if any signs of spring
growth appear. The first season of sampling, 1964, was such a year. Con
versely, if conditions of soil moisture, temperature, and humidity are espe
cially favorable, the onset of seasonal growth may begin early and continue
well into the summer. On occasion, summer showers may initiate a brief
second stage of growth indicated by shoot elongation in L. divaricata and the
appearance of leaves on the deciduous species. -

In dormancy, ;k. pallidum and ;k. andersonii are completely leafless.
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Even the green, succulent appearance of new shoots sometimes following sum
mer rains rapidly disappears. Seasonal response is almost explosive in these
species. Within a few days after the first minute leaf buds appear in the spring,
the whole shrub is covered with mature leaves and flower buds. Its summer
decline is not as pronounced. Leaf buds are obviously retained in the nodal
callus during dormancy. The expansion of these buds no doubt accounts for
the rapid set of new leaves.

Dormancy with Q. spinosa and [. dumosa takes a slightly different form.
Although leaves are not carried in dormancy, external rosettes of leaf buds are
retained giving the bare shoots a warty appearance. It is the unfolding of
these rosettes that mark the onset of spring growth with the production of
leaves and shoots.

The £2. nevadensis in Rock Valley gives an almost continual appearance of
dormancy. Even during a "good" year, many individual shrubs show little
response. Growth in any single season is principally confined to some flowers
and fruit and to lateral shoot production on certain branches. The only leaves
are minute scale-like structures which appear briefly in a single pair at the
nodes of growing shoots.

It appears that 1.. divaricata exercises great economy in that its leaves
are retained throughout the year. Its response to dormancy appears to be
physiological rather than mechanical. It also appears that this species will
undergo shoot elongation and flower-fruit production whenever environmental
conditions permit. Usually, however, this growth is confined to the same
season as the other species, the one difference being that it starts later and
finishes after most of the other species have gone into dormancy. It is inter
esting to note that the desiccated appearance of 1.. divaricata during the late
summer and fall is visually and texturally alleviated by morning dew or rain.
It seems that moisture is absorbed by the leaves although in insufficient
amounts to initiate growth at that time. A second stage of growth in late sum
mer is dependent upon available soil moisture and adequate temperature
humidity factors.

The annuals represented in the study area may be placed into two general
categories. The majority of the species germinate between September and
December after an adequate rainfall. Low temperatures restrict them to
small rosettes until early spring when they begin a second stage of development
which ends in flower and fruit production. The second type, represented by
only a few species, germinates with summer rains and proceeds to full develop
ment during that time. For a fuller treatment of this phenomenon, see Beatley
(1965). In all, the herbaceous flora of Rock Valley consists of one perennial
grass (Oryzopsis hymenoides) and more than 50 herbaceous annuals (see page
230)·

Most of the annuals are confined to the soft, protected richer soil at the
base of the shrubs or in disturbed areas around the animal burrows. Normal
distribution of annuals in the grids would be difficult to assess as the unavoid
able foot traffic of investigators has in time caused changes in that thin strata
of soil in which these plants exist. Soil disturbance of any kind has a potentially
profound effect upon the micro habitat of these plants and consequently upon
their numbers and distribution.

Additional information based on the shrub importance values (IV)(see page
396) is presented in the phytograms, Figure 8. These give a graphic repre
sentation of the relationship between the four criteria which are represented
by the importance value calculation.



Figure 2. Ephedra nevadensis
S. Wats.

Figure 3. Franseria dumosa
Gray.

Figure 4. Grayia spinosa
(Hook. ) MOj:[.



Figure 5. Larrea divaricata
Cay.

Figure 6. Lyciurn andersonii
A. Gray.

Figure 7. Lyciurn pallidurn
Miers.
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Figure 9. View of the gamma source installation in Plot B. The
fence is the close-in inner fence.

Description of Facilities

In 1960 when the mammal trapping was initiated, four plots 335 m in diam
eter were selected. By February 1964, when this plant study began, three of
these plots had been encircled with rodent-proof fences and the radiation source
had been installed. Each plot had been surveyed and staked out with numbered
lath into about 400, 15-meter square sub-plots. This facilitated not only the
mammal trapping, but also was an aid to location for this plant study.

Because of the considerable size of the total study area, and the exacting
nature of the sampling method, the plant study was confined to portions of
Plot B (irradiated) and Plot D (control). The basis for this selection was dis
cussed under Vegetation and Phenology, in this report.

The radiation source was placed on a 15-meter tower centrally located in
Plot B (see Figure 9). From a remote control station outside the radiation
area, the source could be lowered into a lead shield at the base of the tower.
This permitted safe access by the investigators to the study area for observa
tion and sampling. Normally, the source was lowered into the shield for 5 days
each month. For a complete discussion of the mechanical facilities and dosim
etry, see French (1964).

Climatic data, vital to any study of this kind, were derived from two
sources. Air Resources Laboratory installed a weather station in Rock Valley
early in 1963 (see page 390). This station is centrally located between Plots
C and A, providing good general coverage for the entire area. This station
supplied data relative to precipitation, temperature, humidity, wind speed, and
wind direction. It is the principle source of this information.

The second source of weather data is a series of stations located within
each plot. Max-min recording thermometers and rain gauges were installed
to provide a measure of microclimatic variability between plots.

Additional temperature data were collected with an experimental recording



Figure 10. Field installation
of the Rat Pack (Remote Area
Thermograph) in the study
area.

thermograph designed and constructed by the principal author (R. A. Harvey).
This instrument, designated RAT PACK (Remote Area Thermograph Package),
sampled ten locations of subsoil, soil surface and air temperatures in each
plot consecutively and continuously. See Figures 10 and 11. The principles
of design and operation of this thermograph will be reported in a subsequent
paper.

In this study, there is an unfortunate and technically unavoidable deficiency
in environmental assessment relative to soil moisture. Several electrical re-

Figure 11. Soil and air tem
perature probes located in
desert pavement.



22 DESERT PLANT ECOLOGY

sistance block methods were tried without any real success. The extensive
dryness of the soil for long periods, high concentrations of ionic materials in
the soil solution and the unsuitable structure of the soil made such methods im
practical. Gravimetric sampling also proved unsuitable in an area set aside
for long term studies requiring a minimum of disturbance to the environment.
More recently thermocouple psychometers are being used to obtain soil mois
ture data.

Methodology

Methods selected to qualitatively and quantitatively assess seasonal activ
ity and potential chronic radiation effects on plants in Rock Valley have been
based upon detailed monthly observations of selected terminal shoots on the six
dominant perennials. The shoots were not removed from the plants. The spe
cies were ~. nevadensis, E. dumosa, Q. spinosa, 1. andersonii, 1. pallidum,
and 1. divaricata. Krameria parvifolia was also examined the first year, but
was deleted as it did not respond to tagging and handling.

1964 Season
Diverse sample areas

Figure 12. Location of tagged shrubs in Plot.

1965-67 Seasons
Zonal sample area

An equal number of shrubs in the irradiated and nonirradiated plots (10
plants per species per plot in 1964, 20 plants per species per plot, 1965 to
1967) were selected at random according to the patterns which appear in Fig
ure 12. The only bias in selection was the elimination of shrubs that were ob
viously dead. The shrubs studied represented a range of size classes and de
grees of vigor as evidenced by the community.

The shift in 1965 to rectangular rather than diverse sampling was based
on two factors. First, the theoretically "equal" radiation level across the study
plot had reasonable radial symmetry, but the lateral level was a gradient from
about 10 R per day near the center, diminishing to about 2 R per day at the
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outside fence. The modified method enabled us to more effectively assess this
gradient. Secondly, the more compact arrangement of the sampling proved
far more efficient in terms of useful data per time invested in making observa
tions.

The selection of shoots for detailed monthly examination required estab
lishing rigid sampling criteria and the exercise of selective judgement. These
criteria (Table 1) were selected for each species in such a manner as to mini
mize subjective evaluation. The same individual (R. A. Harvey) made essen
tially all the measurements throughout the study. This minimized inconsis
tencies in the data due to shifts in individual bias. All size measurements were
made with vernier calipers to the nearest millimeter.

Table 1. Basis of assessment per species.

~.
neva
densis

F.
du-

mosa

Q. K· 1· 1· 1·
spin- parvi- ander- divar- palli-
osa folia sonii icata dum-- --

Shoot length (mm) x x
Nodes/shoot x
Length/node x
Leaves/shoot x
Rosettes/shoot
Lateral shoots/shoot x x
Lat. shoot length/shoot x x
Term. bUds/shoot x
Lat. buds/shoot x x
Term. spines/shoot
Lat. spines/shoot
Flowers/shoot x x
Flower buds/shoot x x
Fruit/shoot x x
Surface features x x
Anomalous growth x x

x

x
x
x

x
x
x
x
x
x
x
x

x x x x
x x x
x x x

x x x x
x
x x x x
x x x x
x x
x x x x

x x
x x

x x x x
x x x x
x x x x
x x x x
x x x x

The task of selecting adequate samples was quite difficult as erratic shrub
growth in this area is the rule rather than the exception. An analogy which
seems to appropriately apply to many of the mature shrubs is that they resem
ble old houses with bad plumbing. As such, the deterioration of the vascular
system in older branches and root crowns gives rise to considerable variabil
ity of growth response between plants and frequently between the major branches
on the same plant. The direct question, "What is 1. pallidum doing in May of
1965?" became a statistical problem in that a direct answer would necessitate
the qualification of "what individual shrub" or possibly "what part of what indi
vidual shrub." Recognizing this problem at the onset of the study, the size of
the sample was made as large as could be properly handled. All samples were
confined to simple terminal shoots on "active" branches. Even so, the detailed
nature of assessment necessary to identify possible chronic radiation damage
and restricted access to the gamma field placed definite limits upon the sam
ples that could be examined each month. During the first season, ten shoots
per shrub were tagged. In subsequent years, the number of shrubs was dou
bled and the shoots per shrub cut to five. Throughout the study, a total of at
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least 1200 shoots per season, divided equally between the irradiated and non
irradiated plots provided the basis for the data given in this report.

New shoots were selected each year during the winter dormancy to comply
with the sampling criteria requiring simple terminal shoots. The tagging and
sampling dates covered in this study are shown in Figure 13.

Jan Feb Mar Apr. May Jun. Jul Aug Sep Oct Nov. Dec.

1964 *
1965 *
1966 * ~ --- --- ---f-- *
1967

Figure 13. Time of tagging (*) and period of plant sampling (-).

illustrations of the tagged shoots appear in Figure 14. Numbered mammal
ear tags identified each shoot. Colored wires or pipe cleaners attached to the
lower part of each tagged branch bearing the shoot helped to locate these tags
on the shrubs. During the 1964-1965 season, shorthand diagrams of each shoot
each month were used in addition to the recording of numerical data. This
proved to be too time-consuming and was discontinued. The method and sam
ple data sheets appear in Figures 15 and 16.

Additional sampling consisted of (1) monthly general phenology, (2) gross
visual sampling on a monthly basis to determine the percentage of shrubs show
ing active growth, flowers and/or fruit, and (3) the collection of microclimatic
data.

Results

Climatic Characterization
The limitations imposed upon a desert plant community by climatic factors

of precipitation and temperature are generally acknowledged even though the
specific mechanisms related to a given effect are not well understood. Sea
sonal response has been observed in this study to be abrupt. The response of
the shrubs in time and in extent, is correlated with the presence of available
soil moisture, soil and air temperatures above threshold values and perhaps
favorable conditions of humidity and solar radiation.

From an examination of the data presented in Figures 17 to 20, a correla
tion can be made between moisture-temperature and seasonal response of the
dominant species. The temperature calculations were made from hourly read
ings from a thermograph centrally located in the study area. The figures plot
ted represent the number of degree hours per week above 0° C. It appears sig
nificant that on a year to year basis these figures do not vary to any great ex
tent. Generally, the onset of seasonal growth is correlated with a general
warming from late in February to early April and begins to decline in July



Figure 14. Tagged shoots, top left to right, ~. nevadensis, [.
dumosa, Q. spinosa; bottom, left to right, 1. divaricata, 1. ander
sonii, and 1. pallidum.

when peak temperatures occur. The occurrence of growth and its duration is
more variable than temperature alone would dictate.

It seems significant that of the two factors precipitation has the greater
variability. The minimal seasonal response during the 1964 season followed
sub-normal precipitation of 2.5 cm from October 1963 to the first of March
when the first signs of growth occurred. No substantial rainfall occurred dur
ing the spring to support the minimal growth. Conversely, the 1965 season
produced abundant growth and flowering. Although winter rains to March 1965
season amounted to only 3.2 cm, a substantial rainfall of 6.0 cm which fell
during April 1965 provided an adequate supply.

Early and substantial growth in 1966 is positively correlated to winter
rains from October 1965 to February 1966 of 13.8 cm.

The importance of precipitation relative to the onset, duration and magni
tude of seasonal growth is significant. However, precipitation should be con
sidered from three aspects relative to its effectiveness in supplying the
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ANOMALOUS
DEVELOPMENT

o None
1 Mechanical damage
2 Insect gall
3 Insect damage
4 Growth deformation
5 Abortion
6 Die back

Dead struc ture

Rosette R

A. SYMBOL CODE

Node •
Meristem <I

Spine

Bud (Vegetative) 0
Gall $
Exudate *

B. NUMERICAL CODE

SURFACE

0 Normal
1 Dead
2 Chlorotic
3 Resinous
4 Flaccid

Flower bud

Flower

Fruit

Leaf

kIf
L preceded by number

preceded by number

X(over part)

C. EXAMPLE

7 Nodes 1 Lateral bud
1 Terminal meristem 1 Terminal bud with exudate
2 Lateral spines 1 Flower
1 Gall 1 Fruit

13 Leaves 2 Lateral shoots, (one dead)
1 Flower bud 2 Rosettes

Figure 15. Shorthand method for recording plant data.
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Figure 16. Sample sheet showing recorded data.
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Figures 17 to 20. The phenology of major shrub species in Rock
Valley area for the years 1964 to 1967 in relationship to tempera-
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ture and precipitation. See figure 20 for the definitions of species
abbreviations.
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moisture needs of the plants. (1) The actual amount of precipitation must be
sufficient to charge the soil reservoir and provide enough moisture to supply
the plant when the need occurs. (2) The rate of delivery of precipitation is im
portant in that it determines whether or not the moisture will soak into the soil,
run off or evaporate. (3) The time of year when precipitation occurs bears
directly on the availability of moisture to the shrubs. Summer rains lose a
great deal of effectiveness because of the high temperatures and greater evap
oration potential.

In terms of total annual precipitation received in the study area from
March 1963 to the end of December 1966, the average was slightly below nor
mal. Based on a 41-year record from the Beatty, Nevada Weather Station, the
average precipitation is 10.5 cm. The extremes varied between 1. 5 cm in
1963 to nearly 30.5 cm in 1941. It would be difficult to define what could be
properly termed an "average" year relative to precipitation. This fact does
identify a facet of environment that provides a significant limiting and variable
factor to the plant community.

Cumulative Gamma Exposure
The radiation dose received by the plants in Plot B is contingent upon two

factors: (1) the length of time the radiation source remains in the unshielded
position, (2) to a lesser extent, the position of the plant in the plot relative to
the distance from the radiation source.

The information in Table 2 shows the average accumulated gamma expo
sure received by the plants since the source was installed to the date of the
measurements. Individual shoots will have accumulated exposures based upon
the length of time they have been in existence in the gamma field. With few
exceptions, the shoots included in this study have received the full exposure,
having been present in some form since the source was installed in January
1963.

Table 2. Mean cumulative exposure of plants in Plot B to gamma
radiation.

Year

1964
1965
1966
1967

Rads exposure

1354
2931
4616
6017

The degree of exposure asymmetry within the plot is shown on page 7
This reveals a variability of about 80% between those plants nearest the source
and those at the outside fence.

Seasonal Response of the Dominant Shrubs
1. Ephedra nevadensis. With the exception of some significant production

of lateral shoots on some shrubs during 1965-1967, and a scattering of flowers
and fruit, the response of this species throughout the study has been minimal.

For most of the year ~. nevadensis exists as clumps of brown and brittle,
broom-like sticks. Patches of this species generally occur in close associa
tion with other shrubs in the area and these "patches" frequently have a com
mon rootstock. In areas where erosion or excavation have cut through and ex
posed the roots, new plants arise from these roots. In dealing with these plants
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Table 4. Some characteristics of Ephedra nevadensis in the irradiated
Plot B in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 92.2 91.1 89.7 90.0 89.7 89.5 91.3
Nodes/shoot 2.5 2.4 2.4 2.4 2.4 2.3 2.4
Lat. buds/shoot 0.02 0.23
Flowers/shoot 0.84
Flower buds/shoot 1. 61 0.41 0.09 0.04 0.04
Fruit/shoot 0.01
Sample size 99 95 93 90 89 89 35
Number lost 4 6 9 10 10

1965

Feb. Mar. Apr. May June July

Shoot length, mm 106.6 108.6 108.7 113.7 149.8 149.6
Nodes/shoot 2.6 2.5 2.5 2.6 3.8 3.8
Lat. shoots/shoot 0.01 0.01 0.04 0.43 0.51 0.51
Lat. length/shoot, mm 0.07 0.07 0.18 7.31 44.11 44.21
Lat. buds/shoot 0.27 0.62 0.04
Flowers/shoot 0.02 0.51
Flower buds/shoot 1. 98 0.04
Fruit/shoot 0.04 0.04
Sample size 100 100 95 95 92 91
Number lost 0 5 5 8 9

1966

Mar. July

Shoot length, mm 129.5 158.8
Nodes/shoot 3.1 4.2
Lat. shoots/shoot 0.01 0.57
Lat. length/shoot, mm 0.13 29.5
Sample size 98 98
Number lost 0

1967

Jan. Feb. Mar. Apr. May June July

Shoot length, mm 125.6 127.1 127.7 129.0 131. 0 175.5 221.5
Nodes/shoot 3.2 3.2 3.3 3.2 3.4 5.0 5.3
Lat. shoots/shoot 0.11 0.27 0.67 0.71
Lat. length/shoot, mm 1. 52 4.26 50.60 85.33
Lat. buds/shoot 0.05 2.42 2.31 2.13 0.12
Fruit/shoot 0.11 0.14
Sample size 100 91 84 82 80 74 24
Number lost 9 16 18 20 26
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in the field, it is common to find that one is not dealing with a number of indi
viduals~ se but with a clone or with a common individual.

In spite of this, the species showed more variability of response than any
of those examined. Shoot, flower, and fruit production in this species was very
erratic. As an example, the mean lateral shoot length for a sample of 92 val
ues for E. nevadensis in June 1965 was 44.2 mm. The standard deviation for
this calculation was 10.54. Only 25.1% of the tagged shoots in Plot B at this
sampling showed any lateral shoot production and one that did, having an initial
length of 95 mm, had by this date produced four lateral shoots.

Flower and fruit production was equally erratic and further complicated
by the fact that E. nevadensis is dioeceous and the sex of the shrub is not ap
parent until the flowers appear.

A summary of the data collected for this species appears in Tables 3 and
4.

2. Franseria dumosa. Although this species ranks first in D value (den
sity) and third overall in calculated importance value (see page 396) the plant
is not well adapted to the study area. The average height of 211 shrubs en
countered on the intercept lines was 29.2 cm which is about 50% to 75% smaller
than the same species in favorable areas. Calculations also show that an aver
age of 16.2% of the species volume in the study area represents dead tissue.

Seasonal response of [. dumosa in the study area is largely confined to leaf
production, a few lateral shoots and terminal inflorescences bearing flowers
and fruit. At the onset of seasonal growth, leaves emerge from external buds
along the terminal shoots. Many of these buds have remained from the previ
ous season enclosed by dead leaves. Locating and counting these buds during
dormancy is difficult without damaging the shoot. Some error does exist in
this calculation during dormancy. Terminal growth does exist in the form of
new leaves for a number of seasons. Like most of the other species, lateral
shoot production accounts for most of the shoot elongation and the production of
the inflorescences. The inflorescence consists of pistillate and staminate
flowers on a catkin-like raceme. After the fruithas fallen, the raceme dies
back to a short shoot which retains leaf buds and forms the basis for the next
season's growth. The figures in the data relating to flowers and fruit refer to
the number of infloresences bearing a number of flowers and fruit.

A summary of the data for [. dumosa appears in Tables 5 and 6.

3. Grayia spinosa. Seasonal response in this shrub takes the form of
leaf and shoot production from rosettes that remain throughout dormancy. An
inflorescence bearing flowers and fruit is produced on new shoots, although not
all of the new shoots show this development. This species is dioecious and
the data presented relative to flowers and fruit must be considered in this light.
The numbers representing flowers and fruit refer to the number of inflorescences
bearing many individual flowers and/or fruit.

Shoot-length increase in this species is due entirely to the elongation of
new lateral shoots. This is true because the terminus of each shoot forms a
stiff spine at the end of the season, losing all meristematic activity several
millimeters from the apex. This factor produces a diversely branched, com
pact shrub. The individual shoots that form the active margin of the shrub are
usually less than 50 mm in length. The new shoots bearing the inflorescence
exceed this length but die back after the flowers and/or fruit have fallen. Lat
eral spines occur frequently along the shoots.

The main scaffold branches of this species are produced by a second form



34 DESERT PLANT ECOLOGY

Table 5. Some characteristics of Franseria dumosa in the nonirradiated
Plot D in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 17.0 17.1 17.1 17.5 18.0 17.8 17.8
Leaves/shoot 7.44 4.49 1. 50 10.92 5.34 1. 72 3.17
Lat. shoots/shoot 0.03 0.04 0.06 0.14 0.12 0.11
Lat. length/shoot, mm 0.11 0.14 0.31 0.78 0.66 0.56
Term. buds/shoot 0.97 1. 02 1. 04 1. 06 0.82 0.75 1. 06
Lat. buds/shoot 0.27 2.13 1. 64 3.00 1. 94 1. 83 1.55
Sample size 99 96 96 95 94 93 18
Number lost 3 3 4 5 6

1965

Feb. Mar. Apr. IVlay June July

Shoot length, mm 19.2 19.2 19.6 42.9 58.9 57.7
Leaves/shoot 0.16 5.28 5.00 2.70
Lat. shoots/shoot 0.04 0.04 0.09 0.57 1. 51 0.58
Lat. length/shoot, mm 0.18 0.18 0.52 22.83 38.58 37.46
Term. buds/shoot 0.96 0.96 0.81 0.84 0.86 0.85
Lat. buds/shoot 3.45 3.44 3.72 2.47 3.34 2.53
Flowers/shoot 0.49 0.31 0.02
Flower buds/shoot 0.01
Fruit/shoot 0.27 0.16
Sample size 100 100 100 98 96 96
Number lost 2 4 4

1966

Mar. July

Shoot length, mm 49.5 110.7
Lat. shoots/shoot 1.30
Lat. length/shoot, mm 60.30
Sample size 100 100
Number lost

1967

Feb. Mar. Apr. May June July

Shoot length, mm 46.2 46.9 52.5 75.6 95.7 83.7
Leaves/shoot 4.93 8.44 20.13 14.00 7.80
Lat. shoots/shoot 0.01 0.29 0.77 0.89 0.93
Lat. length/shoot, mm 0.10 5.12 25.03 43.84 37.87
Term. buds/shoot 0.28 0.28 0.24 0.20
Lat. buds/shoot 1.13 1. 04 0.30 0.38 0.27 1.20
Flowers/shoot 0.03
Flower buds/shoot 0.02 0.49
Fruit/shoot 0.38
Sample size 93 89 82 39 37 15
Number lost
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Table 6. Some characteristics of Franseria dumosa in the irradiated
Plot B in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 18.4 18.4 18.7 19.2 19.0 18.8 18.9
Leaves/shoot 4.30 2.95 0.99 7.21 3.06 1. 24 1. 55
Term. buds/shoot 0.91 0.96 0.75 0.94 0.81 0.77 0.74
Lat. buds/shoot 0.63 2.16 1.46 2.18 1. 53 1. 38 1. 06
Sample size 100 98 93 90 85 85 31
Number lost 2 7 10 15 15

1965

Feb. Mar. Apr. May June July

Shoot length, mm 16.6 16.6 16.6 24.5 35.7 34.5
Leaves/shoot 3.00 3.25 1. 91
Lat. shoots/shoot 0.30 0.30 0.31
Lat. length/shoot, mm 7.89 18.80 17.60
Term. buds/shoot 0.95 0.95 0.82 0.94 0.89 0.88
Lat. buds/shoot 2.63 2.63 2.95 2.44 2.11 1. 94
Flowers/shoot 0.10 0.02
Fruit/shoot 0.17 0.04
Sample size 100 100 100 98 92 91
Number lost 2 8 9

1966

Mar. July

Shoot length, mm 78.0 147.1
Lat. shoots/shoot 1.18
Lat. length/shoot, mm 68.55
Sample size 100 100
Number lost

1967

Mar. Apr. May June July

Shoot length, mm 46.7 58.3 65.1 77.9 89.2
Leaves/shoot 9.63 20.27 22.5 11. 71 3.23
Lat. shoots/shoot 0.69 0.72 0.89 1.0
Lat. length/shoot, mm 9.83 15.90 28.10 41. 77
Term. buds/shoot 0.67 0.43
Lat. buds/shoot 0.86 1.11 0.42 0.02 0.08
Flowers/shoot 0.12
Flower buds/shoot 0.03 0.25
Fruit/shoot 0.23
Sample size 98 63 60 56 13
Number lost
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Table 7. Some characteristics of Grayia spinosa in the nonirradiated
Plot D in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 27.5 27.4 27.5 28.2 28.4 28.6 30.4
Leaves/shoot 0.04
Rosettes/shoot 4.29 3.94 3.75 4.37 3.42 2.94 2.82
Lat. shoots/shoot 0.05 0.08 0.23 0.23 0.31 0.29
Lat. length/shoot, mm 0.21 0.28 0.81 0.91 1.12 1.12
Lat. buds/shoot 0.08 0.85 0.66 0.40 0.87 1. 31 0.76
Flowers/shoot 0.01
Sample size 99 97 97 93 92 90 17
Number lost 2 2 6 7 9

1965

Feb. Mar. Apr. May June July

Shoot length, mm 28.1 28.2 30.2 51.3 51. 9 51. 9
Leaves/shoot 3.61 11.51 10.33 4.38
Rosettes/shoot 2.75 2.71 2.12 0.96 0.96 3.48
Lat. shoots/shoot 0.29 1.23 1.28 1.28
Lat. length/shoot, mm 1. 97 23.11 24.10 24.10
Term. buds/shoot 0.22 0.14 0.11 0.03
Lat. buds/shoot 1.47 1.49 1.44 0.79 0.72 0.72
Flowers/shoot 0.39 0.03 0.02
Fruit/shoot 0.67 0.71 0.27
Sample size 100 100 100 100 97 97
Number lost 4 4

1966

Mar. July

Shoot length, mm 36.0 89.0
Rosettes/shoot 10.99
Lat. shoots/shoot 0.02 2.07
Lat. length/shoot, mm 0.23 53.22
Sample size 100 99

1967

Feb. Mar. Apr. May June July

Shoot length, mm 28.7 30.8 34.74 36.81 35.90 36.4
Leaves/shoot 6.54 18.26 9.09 1.18
Rosettes/shoot 4.00 3.84 2.41 3.71 4.04 3.14
Lat. shoots/shoot 0.25 0.41 0.51 0.49 0.36
Lat. length/shoot, mm 2.07 6.31 7.73 6.88 5.32
Term. buds/shoot 0.05 0.21 0.22
Lat. buds/shoot 0.06 0.03 0.01
Flowers/shoot 0.17
Fruit/shoot 0.04 0.12
Sample size 97 95 95 78 77 28
Number lost 2 2 19 20
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Table 8. Some characteristics of Grayia spinosa in the irradiated Plot B
in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 32.6 32.6 33.1 33.6 33.6 33.7 33.1
Leaves/shoot 0.01 0.06
Ros ettes/shoot 5.05 5.06 5.02 5.06 4.76 4.70 4.52
Lat. buds/shoot 0.19 0.35 0.26 0.30 0.13 0.62 0.55
Sample size 100 97 91 80 72 71 31
Number lost 3 9 20 28 29

1965

Feb. Mar. Apr. May June July

Shoot length, mm 30.6 30.6 30.8 50.1 50.6 49.4
Leaves/shoot 0.07 11.47 10.45 4.38
Rosettes/shoot 1. 94 1. 94 1. 82 0.59 0.72 3.40
Lat. shoots/shoot 0.03 1. 24 1.30 1.29
Lat. length/shoot, mm 0.13 19.51 19.93 18.71
Term. buds/shoot 0.01
Lat. buds/shoot 1. 82 1. 82 1. 54 0.86 0.71 0.68
Flowers/shoot 0.85 0.01
Flower buds/shoot 0.01 0.01
FrUit/shoot 0.53 0.63 0.05
Sample size 100 100 97 96 94 94
Number lost 3 4 6 6

1966

Mar. July

Shoot length, mm 37.0 100.9
Rosettes/shoot 0.09 11. 52
Lat. shoots/shoot 1. 79
Lat. length/shoot, mm 63.95
Sample size 99 99

1967

Jan. Feb. Mar. Apr. May June July

Shoot length, mm 46.0 46.3 62.0 87.7 86.2 83.2 84.90
Leaves/shoot 34.17 32.27 19.52 4.29
Rosettes/shoot 5.44 5.46 5.92 0.24 8.54 8.98 8.29
Lat. shoots/shoot 1.44 1. 75 1. 76 1.69 1.43
Lat. length/shoot, mm 15.36 41.45 39.96 36.98 40.19
Term. buds/shoot 0.41 0.08 0.03
Flowers/shoot 1. 04 0.04
Flower buds/shoot 1. 02
Fruit/shoot 0.14 0.26
Sample size 98 97 95 93 92 90 21
Number lost 1 3 5 6 8
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of shoot growth. During years that are particularly favorable for vegetative
growth, a dozen or more exceptionally vigorous shoots arise either from the
root crown or from places along the lower parts of major branches. Between
March and June of 1966, for example, many of these "volunteers /I grew in ex
cess of 60 cm in addition to numerous accessory shoots. In some plants, this
increased the shrub volume by as much as 20% based on estimates of biomass.

It is safe to say that during "average" years, seasonal response in G.
spinosa takes the form of short lateral shoot production together with some
flowers and fruit, leaves arising from rosettes of buds at the nodes and infre
quently new short lateral spines.

During "exception" years, new scaffold branches are rapidly produced.
These replace those older branches that have either died back during poor years
or were damaged by some physical means.

A summary of the data collected for Q. spinosa appears in Tables 7 and 8.

4. Krameria parvifolia. This species was eliminated from the sampling
after the first season as it did not respond to tagging and handling. The shoots
were very fragile and could not bear the weight of the tags. The summary data
for 1964 appears in Tables 9 and 10.

Table 9. Some characteristics of Krameria parvifolia in the nonirradiated
Plot D in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 22.0 22.3 22.9 28.4 34.8 35.0 21. 0
Leaves/shoot 7.95 7.16 5.39 9.00 5.32 3.36 1.25
Rosettes/shoot 0.64
Lat. shoots/shoot 0.01 0.01 0.26 0.34 0.36 0.25
Lat. length/shoot, mm 0.04 0.04 3.77 8.05 7.92 1.50
Term. buds/shoot 0.02 0.16 0.33
Lat. buds/shoot 0.06 0.38 2.70 2.97 2.92 2.50
Flower buds/shoot 0.05 0.05
Sample size 100 97 85 57 38 36 4

Table 10. Some characteristics of Krameria parvifolia in the irradiated
Plot B in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 25.9 28.0 27.4 33.1 43.1 50.0 46.8
Leaves/shoot 8.84 9.14 6.75 10.16 9.28 6.88 6.85
Rosettes/shoot 0.17 0.05
Lat. shoots/shoot 0.08 0.06 0.31 0.58 0.79 0.80
Lat. length/shoot, mm 0.33 0.24 4.57 12.23 16.98 12.45
Term. buds/shoot 0.07 0.25 0.67 0.75
Lat. buds/shoot 1. 64 1.84 3.19 2.90
Sample size 91 84 83 67 57 42 20
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5. Larrea divaricata. A summary of the data obtained for h divaricata
is in Tables 11 and 12. Seasonal response in this evergreen shrub is charac
terized by more subtle changes than those that abruptly produce full leaf and
flower cover within a few days during the spring season. Paired, divaricate,
sessile, asymmetrical leaflets are produced at prominent nodes on the terminal
shoots. The leaves, buds, and soft stems are covered with a strong-scented
resinous exudate. The condition of active growth or dormancy is easily deter
mined by measuring the terminal shoot length, recognizing new nodes as they
are produced, observing axillary bud and lateral shoot development, and asses
sing the presence of flowers and/or fruit on these shoots.

It appears from the monthly observations of this shrub throughout the year
that vegetative growth proceeds any time that climatic and edaphic conditions
are favorable. It also appears that the rate of growth and the total growth for
the season is determined by the amount of available moisture and soil and air
temperatures.

During the dormant periods, particularly during the hot dry months, this
species becomes brittle, yellow, and loses some of the older leaves. The ter
minal leaves which remain on the plant become flaccid. Some moisture is
absorbed by these leaves from light showers that do not effectively charge the
soil. On several occasions during the study, this species showed Some green
ing after light showers, but no apparent growth.

During the principal growing season, this species showed great variability
of response. This was true not only between individual plants, but even various
parts of the same plant. Some shrubs, for example, consisting of from 10 to
20 branches from the root crown had all of the obvious growth confined to sev
eral branches while the others showed little or no response. During the study
we were not able to predict which branches on our sample shrubs would respond
and which would not respond. This variability appeared to reflect to some ex
tent, branch age, deterioration of root and stem vascular tissues due to weath
ering, insects, etc. Variable depths of soil and differences in drainage pat
terns across the study areas also contributed to this variability.

6. Lycium andersonii. A summary of the data obtained for 1. andersonii
is in Tables 13 and 14. This spiny, deciduous shrub is considerably branched
and devoid of leaves for most of the year in the study area. The onset of sea
sonal growth is abrupt in the appearance of numerous spatulate leaves and pale
lavender flowers which emerge from prominent, calloused nodes on the termin
al shoots. Lateral shoots began to emerge in an asymmetrical fashion from
some of the nodes. As each of these shoots ends in a terminal spine, there is
no elongation of these shoots in subsequent seasons. Leaves and flowers, and
occasionally lateral shoots, emerge from the nodes even on older stems.

Great variability exists between individual shrubs and even parts of the
same shrub. Like L. divaricata this species shows numerous branches which
emerge from a root-crown. With age and injury some branches fail to produce
any more than a few leaves and an occasional flower. In a large percentage of
the individual shrubs in the study area nearly all of the stem growth is confined
to a few branches on the plant.

Criteria selected on this species for assessing seasonal growth was largely
confined to the production of leaves, flowers and fruit. A few tagged shoots
also produced a limited number of lateral shoots and these were also measured
and evaluated.

7. Lycium pallidum. A summary of the data obtained for 1. pallidurn is
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Table 11. Some characteristics of Larrea divaricata in the nonirradiated
Plot D in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 12.7 13.6 13.9 21. 8 23.8 33.7 24.4
Nodes/shoot 3.38 3.83 3.96 6.16 6.63 6.76 6.50
Leaves/shoot 10.75 12.17 11. 35 19.84 18.80 15.80 15.06
Lat. shoots/shoot 0.12 0.20 1. 00 1.11 1. 08 1.25
Lat. length/shoot, mm 0.23 0.40 4.30 5.07 5.36 4.75
Term. buds/shoot 1. 00 1.11 1.18 1. 98 2.07 2.00 2.25
Lat. buds/shoot 0.39 0.40 0.38 0.20 0.24 0.27 0.19
Sample size 100 99 95 92 89 88 16
Number lost 1 5 8 11 12

1965

Feb. Mar. Apr. May June July

Shoot length, mm 12.0 12.0 15.4 28.1 35.9 38.9
Nodes/shoot 2.76 2.76 3.45 5.73 7.04 7.63
Leaves/shoot 8.82 8.77 10.77 19.40 23.63 22.45
Lat. shoots/shoot 0.15 1. 03 1.47 1.55
Lat. length/shoot, mm 0.56 5.91 10.14 11. 60
Term. buds/shoot 1. 00 1. 00 1. 05 1. 97 2.35 2.46
Lat. buds/shoot 0.02 0.02 0.39 0.23 0.20 0.17
Sample size 100 100 99 99 79* 92
Number lost 1 1 8

1966

Mar. July

Shoot length, mm 25.7 42.4
Nodes/shoot 4.79 8.70
Leaves/shoot 15.56 22.88
Lat. shoots/shoot 1. 51 1. 63
Lat. length/shoot, mm 4.53 15.04
Term. buds/shoot 1. 59 2.36
Lat. buds/shoot 0.62 0.51
Sample size 97 83
Number lost 14

1967

Feb. Mar. Apr. May June July

Shoot length, mm 14.6 16.6 21. 6 27.1 34.8 31.8
Nodes/shoot 3.00 3.30 4.55 5.58 7.28 7.30
Leaves/shoot 8.38 9.30 13.80 17.39 22.89 19.75
Lat. shoots/shoot 0.02 0.06 0.35 0.76 1. 09 1. 00
Lat. length/shoot, mm 0.10 0.32 1. 97 4.96 9.14 8.10
Term. buds/shoot 0.98 1. 05 1.34 1.69 1. 89 1. 95
Lat. buds/shoot 0.20 0.29 0.48 0.30 0.17
Sample size 97 94 92 90 88 20
Number lost 3 6 8 10 12

*Malfunction of program.
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Table 12. Some characteristics of Larrea divaricata in the irradiated
Plot B in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 10.5 10.9 10.9 16.0 17.2 18.0 20.5
Nodes/shoot 2.68 2.93 2.96 4.62 4.88 4.75 5.10
Leaves/shoot 9.28 9.53 8.77 13.85 13.49 11. 99 12.60
Lat. shoots/shoot 0.08 0.09 0.55 0.63 0.56 0.77
Lat. length/shoot, mm 0.24 0.19 1. 75 1. 99 2.23 3.27
Term. buds/shoot 0.99 1. 05 1. 08 1.47 1.45 1.43 1. 53
Lat. buds/shoot 0.34 0.26 0.22 0.36 0.49 0.25 0.23
Sample size 100 96 93 91 89 77 30
Number lost 4 7 9 11 23

1965

Feb. Mar. Apr. May June July

Shoot length, mm 12.5 12.6 13.6 26.1 38.0 41. 7
Nodes/shoot 2.92 2.93 3.16 5.36 7.41 8.12
Leaves/shoot 8.89 8.88 8.28 16.80 24.48 24.03
Lat. shoots/shoot 0.01 0.01 0.14 0.88 1. 41 1. 62
Lat. length/shoot, mm 0.04 0.04 0.18 5.12 11. 78 14.32
Term. buds/shoot 1. 01 1. 01 1. 00 1. 78 2.30 2.43
Lat. buds/shoot 0.08 0.08 0.16 0.34 0.28 0.26
Sample size 100 100 100 98 97 94
Number lost 2 3 6

1966

Mar. July

Shoot length, mm 23.9 38.3
Nodes/shoot 4.96 7.64
Leaves/shoot 15.67 21. 70
Lat. shoots/shoot 0.65 1.47
Lat. length/shoot, mm 4.01 12.43
Term. buds/shoot 1. 63 1.71
Lat. buds/shoot 0.48 0.58
Sample size 99 90
Number lost 9

1967

Jan. Feb. Mar. Apr. May June July

Shoot length, mm 15.3 15.8 16.9 21.2 25.8 31. 0 35.1
Nodes/shoot 3.40 3.48 3.64 4.84 5.99 7.15 8.17
Leaves/shoot 6.62 7.31 7.72 11. 83 14.91 18.31 19.88
Lat. shoots/shoot 0.08 0.48 0.79 0.89 1.13
Lat. length/shoot, mm 0.36 2.15 4.72 6.98 8.71
Term. buds/shoot 0.99 0.98 1. 02 1.42 1. 69 1. 79 1. 83
Lat. buds/shoot 0.26 0.29 0.26 0.39 0.27 0.37 0.17
Sample size 97 50(? ) 96 98 97 91 24
Number lost ? 1 0 0 6
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Table 13. Some characteristics of Lycium andersonii in the nonirradiated
Plot D in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 21. 5 21. 5 21. 6 21. 6 21. 5 21. 5 21. 9
Nodes/shoot 8.54 8.54 8.59 8.60 8.61 8.61 9.06
Leaves/shoot 12.79 2.16 0.09 9.07 0.81
Lat. buds/shoot 0.35 0.11
Fruit/shoot 0.05 0.01
Samples size 100 98 94 94 93 92 17
Number lost 2 6 6 7 8

1965

Feb. Mar. Apr. May June July

Shoot length, mm 32.0 32.0 32.8 35.1 35.1 35.3
Nodes/shoot 9.38 9.32 9.38 9.38 9.35 9.41
Leaves/shoot 27.43 28.56 25.48 0.41
Lat. shoots/shoot 0.06 0.07 0.06 0.07
Lat. length/shoot, mm 0.76 3.11 3.09 3.16
Term. buds/shoot 0.05 0.01
Flowers/shoot 0.41
Flower buds/shoot 2.86 0.07 0.03
Fruit/shoot 1. 66 1.39
Sample size 100 99 100 100 101 99

1966

Mar. July

Shoot length, mm 34.7 54.1
Nodes/shoot 11.88 18.14
Lat. shoots/shoot 0.59
Lat. length/shoot, mm 19.37
Sample size 100 100

1967

Feb. Mar. Apr. May June July

Shoot length, mm 40.4 40.7 42.3 43.0 43.1 41. 0
Nodes/shoot 11.89 11.89 12.00 12.07 12.07 11.13
Leaves/shoot 0.27 24.14 21.45 21. 78 13.29 0.04
Lat. shoots/shoot 0.03 0.05 0.05 0.05 0.04
Lat. length/shoot, mm 0.22 1.54 1. 94 1. 97 0.92
Term. buds/shoot 0.03 0.04
Lat. buds/shoot 0.38 0.58 0.20 0.56
Flowers/shoot 0.15 0.01
Flower buds/shoot 0.05 0.15
Fruit/shoot 0.13
Sample size 100 100 97 89 89 24
Number lost 3 11 11
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Table 14. Some characteristics of Lycium andersonii in the irradiated
Plot B in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 20.8 20.7 20.8 20.7 20.8 20.8 20.7
Nodes/shoot 7.17 7.16 7.13 7.29 7.36 7.37 7.27
Leaves/shoot 12.31 1. 70 0.09 6.85 1.30
Lat. buds/shoot 0.06 0.03 0.18 0.01
Flowers/shoot 0.02
Fruit/shoot 0.14 0.02
Sample size 99 99 91 87 83 83 44
Number lost 8 12 16 17

1965

Feb. Mar. Apr. May June July

Shoot length, mm 29.3 29.3 29.4 29.9 30.1 30.1
Nodes/shoot 9.18 9.18 9.22 9.22 9.22 9.11
Leaves/shoot 0.23 0.23 25.12 28.29 22.59
Lat. shoots/shoot 0.02 0.02 0.02
Lat. length/shoot, mm 0.57 0.62 0.62
Term. buds/shoot 0.01
Lat. buds/shoot 0.15 0.12 0.12 0.12
Flowers/shoot 0.02 3.83 0.03
Flower buds/shoot 0.91 0.35 0.02
Fruit/shoot 0.04 0.04 0.06 0.40 1.44 0.28
Sample size 100 100 99 99 99 98
Number lost 1 1 1 2

1966

Mar. July

Shoot length, mm 33.6 40.2
Nodes/shoot 8.73 10.07
Lat. shoots/shoot 0.15
Lat. length/shoot, mm 6.54
Sample size 100 100

1967

Jan. Feb. Mar. Apr. May June July

Shoot length, mm 36.8 37.0 36.8 39.8 39.7 39.8 41. 6
Nodes/shoot 8.43 8.45 8.28 9.16 9.20 8.58 9.67
Leaves/shoot 0.11 18.73 17.13 15.07 9.67
Lat. shoots/shoot 0.01 0.01 0.05 0.17 0.17 0.17 0.25
Lat. length/shoot, mm 0.06 0.06 0.55 3.21 3.23 3.24 3.96
Term. buds/shoot 0.06 0.13 0.04
Lat. buds/shoot 1. 07 0.48 0.53 0.08
Flowers/shoot 0.46
Flower buds/shoot 0.07 0.17
Fruit/shoot 0.27 0.02
Sample size 100 100 95 95 92 92 24
Number lost 5 5 8 8
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in Tables 15 and 16. This species is very similar in form and seasonal re
sponse to 1.. andersonii. It is distinguished by its brown, rather than grey
bark on the older wood, and its large leaves, flowers and fruit.

Sampling criteria used for 1.. andersonii also applied to this species.

Tentative Levels Required for Gross Effects of Radiation.
1. Supportive data from a portable 60Co unshielded gamma source.

The problem of recognizing and quantitating subtle,marginal radiation
effects in a plant community already under stress from natural causes is a
formidable task. We soon recognized the desirability of establishing some
guidelines relative to the dose levels necessary to produce measurable effects
and to the characterization of the manner in which this damage would be re
vealed.

In August 1964 we obtained a 1200 curie 60Co gamma source and a porta
ble delivery system. TIlis material was furnished by the Radiological Science
Division of the Reynolds Electrical and Engineering Company at the Nevada
Test Site. The equipment consisted of a heavily shielded source container
mounted on a trailer. By remote control, a hydraulic system attached to the
container permitted the delivery of the 60Co pellet to a stationary "catcher"
in the field through a plastic tube. Recovery of the 60Co pellet at the end of
the exposure is accomplished by reversing the hydraulic flow in the delivery
tube, returning it to the shielded container on the trailer. For a thorough
description of this Multi-Purpose Irradiator (MPI-1) see Lund and McKnight
(1963 ).

The plant irradiation experiment (PIE#l) which we conducted with this
equipment provided us with valuable data on radiation effects on L. divaricata,
1.. andersonii, and Q.. ramosissima. A second experiment (PIE#2) in another
area provided similar data for ~. nevadensis and Q. spinosa (Rhoads et al. ,
1969).

As a result of the PIE#l study, three classes of radiation damage were
established. It is significant to note that these classes of damage were not
immediately apparent in all cases, some requiring a year or more to fully
develop. The parameters of damage for each class increased with time, re
vealing seriously damaged plants that initially appeared to be marginal. In the
case of all species involved in the PIE#2 study, no decisive damage was appar
ent for at least 10 months even though the dose level exceeded 100,000 R to
plants nearest the gamma source.

TIle classes of damage based on the PIE#l study are:

Class I: Characterized by
a. The total loss of leaves.
b. The total destruction of terminal and lateral buds.
c. Gross to total loss of terminal shoots and small stems.
d. Remaining wood brittle and in some cases showing deposits of
exudate. These plants are obviously dead, although new root crown
sprouts may appear at a later time.

Class II: Characterized by
a. Gross to complete cessation of terminal growth.
b. Obvious chlorosis and significant leaf loss.
c. Shrunken and discolored buds which remain permanently inactive
or result in erratic and anomalous growth.
d. Gross to complete absence of flower buds in season.
e. Initial wilt response in some plants.
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Table 15. Some characteristics of Lycium pallidum in the nonirradiated
Plot D in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 34.2 34.2 34.2 34.4 34.4 34.6 35.5
Nodes/shoot 5.94 6.01 6.00 6.07 6.07 6.08 6.31
Leaves/shoot 12.78 1. 07 0.58 0.11
Lat. shoots/shoot 0.03 0.03 0.04 0.03
Lat. length/shoot, mm 0.23 0.23 0.29 0.18
Lat. buds/shoot 0.08 0.01 0.01 0.02 0.04 0.01
Sample size 100 99 99 99 99 98 49
Number lost 1 1 1 1 2

1965

Feb. Mar. Apr. May June July

Shoot length, mm 38.7 38.7 38.7 39.4 39.5 39.6
Nodes/shoot 4.80 4.80 4.80 4.73 4.73 4.73
Leaves/shoot 18.44 16.51 14.70 0.18
Lat. shoots/shoot 0.02 0.02 0.02
Lat. length/shoot, mm 0.89 0.88 0.87
Term. buds/shoot 0.02 0.02 0.01
Lat. buds/shoot 0.04 0.04 0.04 0.40
Flowers/shoot 0.21
Flower buds/shoot 0.67
Fruit/shoot 0.01 0.45 0.26 0.14
Sample size 100 100 100 98 99 100
Number lost 2 1

1966

Mar. July

Shoot length, mm 35.1 38.5
Nodes/shoot 4.92 5.53
Lat. shoots/shoot 0.07 0.21
Lat. length/shoot, mm 1. 03 4.48
Sample size 100 100
Number lost

1967

Feb. Mar. Apr. May June July

Shoot length, mm 36.6 37.7 37.6 38.0 37.9 42.8
Nodes/shoot 5.72 5.93 5.89 6.12 6.01 8.05
Leaves/shoot 16.21 14.91 16.61 11.19 5.71
Lat. shoots/shoot 0.01 0.01 0.01
Lat. length/shoot, mm 0.13 0.14 0.11
Term. buds/shoot 0.01 0.01
Lat. buds/shoot 0.68 0.29 0.09 0.13 0.29
Flowers/shoot 0.01
Flower buds/shoot 0.07
Sample size 89 81 80 74 72 21
Number lost 8 9 15 17



46 DESERT PLANT ECOLOGY

Table 16. Some characteristics of Lycium pallidum in the irradiated
Plot B in Rock Valley.

1964

Measurement May June July Aug. Sept. Oct. Nov.

Shoot length, mm 40.1 40.1 40.5 40.5 40.5 40.8 46.2
Nodes/shoot 5.93 5.93 5.91 5.91 5.94 5.92 6.49
Leaves/shoot 17.23 0.89 0.06 0.07
Lat. shoots/shoot 0.01 0.01 0.03 0.03 0.03 0.03 0.08
Lat. length/shoot, mm 0.14 0.14 0.36 0.37 0.38 0.39 0.95
Lat. buds/shoot 0.04 0.01
Sample size 100 100 96 95 97 95 39
Number lost 4 5 3 5

1965

Feb. Mar. Apr~ May June July

Shoot length, mm 52.1 52.1 51. 9 52.6 52.8 52.9
Nodes/shoot 6.38 6.38 6.41 6.29 6.31 6.32
Leaves/shoot 19.32 26.13 20.74 1.13
Lat. shoots/shoot 0.03 0.05 0.04
Lat. length/shoot, mm 0.66 0.79 0.68
Lat. buds/shoot 0.84
Flowers/shoot 0.01 0.01 0.01 0.87 0.03 0.01
Flower buds/shoot 0.12 0.18 0.02
Fruit/shoot 0.24 0.29 0.02
Sample size 100 100 100 95 94 93
Number lost 5 6 7

1966

Mar. July

Shoot length, mm 33.8 41.3
Nodes/shoot 4.69 5.44
Lat. shoots/shoot 0.32
Lat. length/shoot, mm 7.55
Sample size 98 98
Number lost

1967

Jan. Feb. Mar. Apr. May June July

Shoot length, mm 29.2 30.8 31. 7 31. 7 32.8 31.3 29.1
Nodes/shoot 4.36 4.36 4.83 4.83 5.13 4.72 4.39
Leaves/shoot 0.05 0.06 14.59 13.23 16.30 6.43 1.22
Lat. shoots/shoot 0.02 0.06
Lat. length/shoot, mm 0.08 0.28
Lat. buds/shoot 0.20 0.26 0.04 0.47 0.14 0.06
Flowers/shoot 0.01
Flower buds/shoot 0.22
Fruit/shoot 0.12
Sample size 100 79 69 69 65 65 18
Number lost 21 31 31 35 35
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f. Beads of resinous exudate on buds in L. divaricata

Class III: Characterized by
a. Marginal conditions of Class II.
b. Reduction of flowering as the most obvious effect.
c. Some reduction in shoot elongation and lateral shoot initiation.

An additional Class IV could be added with more exacting means of assess
ment including cytological observations. It is important to remember that a
range of radiation effects do occur between what is actual and what is apparent.
We are dealing not with an all or none phenomenon, but with a continuum of
effect. Classification of damage is, therefore, arbitrary and subject to certain
practical limitations.

The data presented in Table 17 show the approximate exposure levels re
quired on the species studied to produce the classes of damage which have been
described. These figures represent acute doses, therefore, they may not rep
resent the chronic levels necessary to produce the same degree of effect.
Higher chronic levels are probably necessary to produce an equivalent effect.
Direct comparisons between chronic and acute doses are difficult to make when
the plants studied are so profoundly affected by the season and climate. Differ
ent responses to acute radiation can be expected from the irradiation of dormant
or active plants. This aspect of the study needs amplification.

Table 17. Observed gamma exposures showing ultimate classes of damage
on four species.

Species

Ephedra neyadensis
~spinQsa

Larrea divaricata
Lycium andersonii

Class I

>5,000 R
>100,000 R
>30,000 R
>20,000 R

Class II

5,000-600 R
100,000-17,000 R
30,000-8,000 R
20,000-7,800 R

Class III

600-200 R
<17,000 R
8,000-4,500 R
7,800-5,000 R

It is, we believe, reasonable to predict that the data from PIE#1 and
PIE#2 have a direct bearing upon the Rock Valley study. Any chronic effect
can be expected to first show itself as Class III damage. This should take the
form of reduced shoot elongation, reduction of lateral shoot production, and
perhaps a reduction in flower, fruit, and leaf development.

2. Possible early gross effects in Rock Valley.

A multivariate analysis of all the data obtained in this study (Table 18) was
prepared and reported by French (1969). See also page 6 and the report of
Kaaz et a1. (1971). The results suggested that the three plant species with the
highest estimated nuclear volume had some differences between plots. Whether
or not the differences were due to radiation could not be ascertained from the
data with surety so the study reported on page 5 was undertaken. In any
event the species with suggested differences between plots were those having
the highest nuclear volumes as one would suspect (Sparrow et al., 1961, 1962,
1963, 1965, 1966, 1968, 1969). In the new study made in 1969 only the ~.

nevadensis had differences which could be attributed to radiation. One of the
difficulties of the approach made in the study reported here was the time be
tween sampling periods. It was apparent that phenological events could happen
and be missed by sampling periods which were one month apart.

This study has led to the development of sampling techniques which are
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Table 18. Multivariate analysis of Rock Valley shrub growth.

Species Estimated
nuclear
vol., Ii

Among years Between plots Interaction

* = Significant 5% level

600-800
152
128
212
466
176

** = Significant 1% level

Ephedra nevadensis
Franseria dumosa
Grayia spinosa
Larrea divaricata
~ andersonii
Lycium pallidum

Degrees of freedom for F

NS = Not significant

F = 13.93**
F = 42.94**
F = 32.48**
F = 18.43**
F = 41. 81**
F= 15.41**

12 &1251

F=3.39**
F = 1.24 NS
F = 1. 70 NS
F = 8.46**
F = 3.84**
F = 0.49 NS

4 & 453

F = 4.56**
F = 7.26**
F = 1.56 NS
F = 5.78**
F = 7.16**
F = 1. 09 NS

12 & 1251

useful in the study of seasonal changes in desert shrubs. The techniques indi
cated that radiation of2 to 10 R per day after a 7-year period may just be begin
ning to have some effect on flowering and/or fruiting responses of some of the
shrubs. Shrub species having high nuclear volumes seemed to have increased
susceptibility to radiation. More studies in this area will be made in future
years.

Summary

A study to assess the effects of low intensity chronic irradiation on desert
shrubs was conducted in Rock Valley adjacent to the Nevada Test Site, Nye
County, Nevada. From February 1964 to September 1967 a careful record was
kept concerning the qualitative and quantitative responses of six dominant spe
cies in an irradiated and a control plot. The data reported here represent over
one-half million observations of tagged terminal shoots on these shrubs. Al
though definite radiation effects on these species were inconclusive at the time
when the study was concluded, valuable information relative to seasonal dynam
ics in these plants is presented. Supplemental to this, specific data are pre
sented relative to desert community composition and the climatic and edaphic
profiles which characterize the area.



SOME EFFECTS OF GAMMA RADIATION

ON SEED GERMINATION AND SEEDLING SURVIVAL

The recovery of an ecosystem that has been partially destroyed by nuclear
events will depend partly upon the effect of ionizing radiation on seeds. Many
studies have been made of effects of ionizing radiation on seeds (Heaslip, 1959;
Johnstone and Klepinger, 1967; Micke, 1966; Vig, 1969). Many of these stud
ies indicate that radiation effects on plants are related to the target size, i. e. ,
to the cellular nuclear volume (Baetcke et al., 1967; Sparrow, 1966; Sparrow
et al., 1961, 1963, 1967, 1968; Sparrow and Miksche, 1961; Sparrow and Pug
lielli, 1969; Sparrow and Sparrow, 1965; Yamakawa and Sparrow, 1965, 1966;
Woodwell and Sparrow, 1965). Micke (1966) reported that the radiosensitivity
of seeds was also related to such secondary factors as moisture contents from
seeds and oxygen content of the moisture. Johnstone and Klepinger (1967) re
ported that roots of Yucca brevifolia seedlings for seeds irradiated before ger
mination were more sensitive to the irradiation than were the shoots. Heaslip
(1959) found a great amount of variation among 18 deciduous tree species on
radiation effects and also found that sensitivity to radiation was increased after
seed dormancy was broken. Vig (1969) found that irradiation with a 60Co
source of Cyamopsis tetragonaloba at an exposure of 5 to 30 kR speeded up ger
mination and increased the rate of root growth. Several other nongenetic
changes were involved.

The purpose of the present series of studies was to determine some effects
of gamma radiation on germination characteristics for a number of desert
plants in an effort to predict long-time ecosystem changes which might be occa
sioned by some types of nuclear events.

Experimental Results

Seeds of the species studied were collected from the Nevada Test Site.
They were exposed in test tubes to the 10,000 curie 60Co source at UCLA at
various levels of irradiation which had been arrived at by preliminary experi
ments. The number of seeds in each tube ranged up to 100 and was related to
the availability of seed. After irradiation the seeds were planted either in ver
miculite or in Yolo loam soil in flats maintained in the glasshouse. Routine
care was given them and germination counts and measurements made of them
at appropriate time intervals. Species involved included Artemisia tridentata,
Salsola pestifera, Yucca schidigera, Larrea divaricata, Atriplex canescens,
Franseria dumosa, Yucca brevifolia, Lycium andersonii, and Lycium pallidum.

Data for irradiation of A. tridentata are in Table 1. Germination was
little affected by the radiation levels which were up to 25 kR. After 18 days,
however, some seedlings at 20 and 25 kR started to die and at 50 days nearly
all at those two levels had failed to survive. LD50-50 was about 15 kR.

Data for §.. pestifera are in Table 2. Germination was slightly decreased
at 200 kR but after 12 days and continuing to 48 days survival gradually de
creased for all levels of irradiation. LD50-48 was about 100 kR. As mention
ed on page 149 very high levels (around 1 million R) are needed to stop ger
mination in this species but cells elongate only at high levels of irradiation;
they do not divide.

Data are in Table 3 for X. schidigera, 1. divaricata, and~. canescens.
Above 20 kR no germination was evident for X. schidigera but dead root sys-

49



50 DESERT PLANT ECOLOGY

Table 1. Effect of gamma radiation of 100 ~. tridentata seeds on germi
nation and survival characteristics when grown in vermiculite
after seeds had been irradiated (100 seeds per lot).

Level of
irradiation

kR

o
5

10
15
20
25

No. of plants germinating or remaining alive for
different time periods.

Days

4 8 12 18 28 36 50

11 22 25 24 21 22 17
9 32 32 33 28 23 14

18 32 33 32 30 27 21
13 32 33 32 30 24 11

7 22 22 19 13 10 3
15 25 26 23 8 5 2

Table 2. Effect of gamma radiation on lots of 50 §. pestifera seeds on
subsequent germination and survival after irradiated seeds
were planted in vermiculite.

Level of Days after planting
irradiation 4 8 12 18 22 28 48

kR No. of seed germinated or surviving

0 28 29 24 30 28 25 29
25 13 21 16 19 18 17 18
50 17 24 22 23 22 19 12
75 28 37 28 - - - lost - - - -

100 28 36 34 32 27 20 15
150 19 23 19 23 18 11 5
200 19 15 13 16 16 11 5
250 19 14 11 10 12 5 0

Table 3. Effect of gamma radiation on germination characteristics of
y. schidigera, ~. divaricata, and~. canescens seeds ger-
minated in Yolo loam soil after irradiation.

y. schidigera L. divaricata A. canescens
(30 seeds) (40 seeds) (50 seeds)

after 22 days after 37 days after 23 days

Level of dry wt/ germination dry wt/ germination germination
irradiation seedling seedling

kR g % g % %

0 0.0781 67 0.0338 35 2
10 0.0689 60 0.0294 45 6
20 0.0620 54 0.0241 42 6
40 0.0128 3 0.0473 45 2
60 0.0070* 0 0.0433 8 0

100 0.0087* 0 0 4

* Roots but no tops.
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Table 4. Effect of gamma radiation of seeds on germination character-
istics of .E. dumosa and r. brevifolia grown in vermiculite.

Level of % germinated Dry wt/plant Top/
irradiation or surviving after 120 days root

after, days

kR 10 20 120 Top Root Ratio

.E. dumosa (25 seeds per lot)

0 8 12 20 0.16 0.02 8.0
10 8 16 8 0.85 0.10 8.5
20 28 28 4 0.04 0.01 4.0
40 32 32 24 0.27 0.04 7.8
60 40 48 24 0.16 0.03 7.1

r· brevifolia (35 seeds per lot)

0 3 92 94 0.082 0.031 2.62
10 23 92 92 0.079 0.025 3.22
20 6 97 100 0.097 0.035 2.77
40 0 86 83 0.050 0.023 2.13
60 0 51 57 0.041 0.020 2.10

terns without shoots were found present for the plants at 40, 60, 100 kR when
removed from the soil for harvest after 22 days. LD50-22 was about 30 kR.
No L. divaricata germinated for the 100 kR level and only 8% at the 60 kR level.
The-dry weights of those at 60 kR, however, were as large or even larger than
those of the controls. LD50-37 was about 50 kR. ~. canescens germinated
poorly and did not seem to be related to the radiation exposure.

Data for irradiation of F. dumosa and Y. brevifolia are in Table 4. F.
dumosa germination was not decreased bylevels used. r. brevifolia was not
affected by levels below 80 kR and showed somewhat more resistance than that
reported by Johnstone and Klepinger (1967). LD50-120 was over 60 kR.

Table 5. Effect of radiation on germination characteristics of 1. ander
sonii, 1. pallidum, ~. canescens, and g. dumosa grown in
vermiculite. (25 seeds per lot)

1· andersonii 1. pallidum A. canescens F. dumosa

kR % germination (67 days)

0 0 4 4 24
10 4 8 4 28
20 8 0 8 24
40 16 12 8 20

Condition of seedlings (G is good; S is small)

0 G G G
10 G G G G
20 G G G
40 S S S G
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Another seed irradiation test was made involving 1. andersonii, 1. palli
dum, A. canescens, and F. dumosa. Twenty-five seeds of each were irradi
ated atO, 10 kR (5.2 min;;:tes), 20 kR (10.4 minutes), and 40 kR (20.8 minutes)
in test tubes. The seeds were then planted in vermiculite in the glasshouse and
germination observed. The greatest difficulty in the study was low percentage
germination. A summary of the numbers of germination is given in Table 5.

The sensitivity of the seeds of the various species was very much related
to their nuclear volume or to the interphase chromosome volume (Table 6).
The hypothesis of Sparrow et 0.1. (1961, 1963, 1967, 1968) concerning the tar
get size of the nucleus or of the interphase chromosome volume seems to hold
in the present data.

The relatively high exposure levels necessary to cause significant changes
in seed germination and in seedling survival would suggest that past nuclear
testing (see page 54) at the Nevada Test Site would result in relatively little
effect of radiation on germination of seeds and seedling survival in the area.
Indirect effects are something else.

Summary

Seeds of several species of desert plants were irradiated with a 60Co
gamma source at various exposures and characteristics of germination and
seedling survival were recorded. In general the radiation had a greater effect
on seedling survival than on germination. The sensitivity of the species to the
radiation was greatly related to nuclear volume. Few Artemisia tridentata
seedlings survived for radiation levels above 15 kR and for Yucca schidigera,
above 20 kR. Larrea divaricata was little affected by levels up to 40 kR while
Atriplex canescens, Franseria dumosa, Yucca brevifolia, and Salsola pestifera
were much more resistant to the radiation.



RADIATION DAMAGE ON NATURAL VEGETATION

IN CLOSE-IN FALLOUT AREAS

Summary Statement

The first decade of nuclear testing at the Nevada Test Site primarily in
volved above-ground detonations of tower and balloon-mounted devices. The
nature of these detonations was such that most of the natural vegetation near
ground zero was destroyed by fire and blast effects rather than by ionizing
radiation. For the most part, those materials which were converted to atmos
pheric fallout were drawn upward from the ground-zero site with the ascending
fireball and subsequently dispersed from the fallout cloud formed at high alti
tudes. The levels of radiation in the fallout debris ultimately deposited down
wind from these above-ground detonations generally were not sufficient to dam
age natural vegetation.

The second decade of testing primarily involved underground detonations
of nuclear devices which, upon venting, sometimes resulted in radiation dam
age to vegetation in close-in fallout areas. Radiation levels in fallout debris
deposited from Plowshare nuclear excavation tests also were sufficiently high
to damage vegetation in discrete fallout patterns extending several km down
wind from the craters. Notable examples were the Sedan (1962), Palanquin
(1965), Cabriolet (1968) and Schooner (1968) events. Martin (1963), Beatley
(1965), Rhoads et al. (1969a, and b, 1970) have described damage to vegeta
tion in these close-in fallout areas. Included herein is a summary of some
gross radiation effects on vegetation which were observed in the fallout patterns
of Palanquin, Cabriolet, and Schooner at sites not damaged by heat, blast or
throw-out materials. The history, experimental work, and results from collab
orative program efforts at these sites are described in detail by Rhoads et al.
(1969, 1970). This summary is a brief review of the effects.

1. Where fallout radiation levels were sufficiently high, complete defolia
tion and kill of natural vegetation occurred as illustrated in Figure 1. Damage
primarily was caused by beta radiation from fallout debris deposited upon veg
pt:Jtion. Romney et al. (1963) described the nature of fallout particle retention

Figure 1. Beta radiation from
fallout debris deposited upon
and retained by plant foliage
primarily causes the damage
and destruction of natural veg
etation in close-in fallout
areas·
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Figure 2. Beta radiation in
fallout debris deposited upon
and retained by foliage de
stroyed the top and side of this
Atriplex confertifolia shrub
facing toward ground zero.
Partially sheltered foliage on
the leeward side of the shrub
was damaged but not destroyed.

by plant foliage. Mixed grasses and winter and summer annuals, especially
the Salsola species, began to reappear in these areas during the year after fall
out occurred. The damage from fallout radiation was not immediately visible.
In fact, the symptoms involved in ultimate death of trees and shrubs generally
developed during a period of 3 to 6 months. The first visible symptom was a
slight yellowing of foliage. In the Artemisia shrubs this was usually followed
by suppression or failure of inflorescence development. The Juniperus os teo
sperma trees failed to develop their characteristic small, blue-grey fruit.
The chlorosis pattern on plant foliage continued to become increasingly severe
until all leaves abscised and death occurred. Damaged grasses developed new
growth from natural crown sprouting, as did the Ephedra species.

2. In areas of fallout patterns peripheral to where all or most plants were
killed, the radiation damage to shrubs was often manifested in a particular
fashion which depended upon the manner in which fallout debris was deposited
upon and retained by the plant foliage. More damage often occurred on the

Figure 3. A "skirting" effect
caused by defoliation of the
underside of an Artemisia tri
dentata shrub by high levelSof
beta radiation from fallout de
bris deposited on the ground
as particles too large to ad
here onto the foliage.



Figure 4. Shee ts of 6 mil poly
ethylene plastic were placed
on plots of natural vegetation
for protection from beta radia
tion in fallout debris. The pro
tection afforded is good evi
dence that beta radiation was
the cause of injury to surround
ing plants. Soil was placed on
the edge of the cover to anchor
it. Covers remained in place
during and for 2 weeks after
fallout deposition.

sides of shrubs facing toward ground zero than on the leeward sides. This
asymmetrical damage was caused by beta radiation from fallout particles dif
ferentially deposited around the shrub. An example of this effect is shown in
Figure 2 which illustrates how the side of an AtriJ2lex confertifolia shrub facing
ground zero was asymmetrically destroyed by the beta radiation in very fine
fallout debris moving across the landscape. Figure 3 illustrates the "skirting"
effect commonly observed in the close-in Schooner fallout pattern which was
caused by defoliation of the underside of Artemisia tridentata shrubs by high
levels of beta radiation from fallout debris deposited on the ground as particles
too large to adhere onto the foliage.

Both beta and gamma radiation contributed to the damage of vegetation in
close-in fallout areas inasmuch as their effects were additive. However, be-

Figure 5. Plots of natural
vegetation protected with 6-mil
thick plastic covers during and
for 2 weeks after fallout was
deposited survived beta-kill.
Photograph was taken 15
months after fallout occurred.
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cause of its inherent nature, beta radiation contributed the most damage when
fallout debris was deposited upon and retained by plant foliage. This effect
was strikingly demonstrated in the Schooner fallout patterns wherein plots of
natural vegetation were protected from fallout debris during and for two weeks
after fallout deposition. Figure 4 illustrates how sheets of 6 mil thick poly
ethylene plastic were fixed in place by shoveling soil completely around the
edges in order to anchor them firmly to the ground. At sites where fallout ra
diation completely destroyed the unprotected vegetation, that which was pro
tected from fallout debris by plastic covers was undamaged as illustrated in
Figure 5. The natural vegetation in these plots not only survived destruction
by protection from beta radiation in fallout debris but it also responded
afterward to the additional soil moisture made available as the result of sur
rounding vegetation having been destroyed by radiation.



PERSISTENCE OF RADIONUCLIDES IN SOIL, PLANTS,

AND SMALL MAMMALS IN FALLOUT CONTAMINATED AREAS

Introduction

The distribution and characteristics of fallout debris from above-ground
nuclear tests were studied intensively by research teams from UCLA during the
decade after nuclear weapons testing began at the Nevada Test Site in 1951.
The biotic availability of fallout radionuclides, especially the long-lived 90Sr
and 137Cs fission products, also was investigated during this period at several
permanent sampling sites established in fallout patterns at various distances
downwind from the nuclear detonations. Results from some of these early
studies have been reported (Larson etal., 1952, 1962, 1966; Olafson et al.,
1953; Rainey et al., 1954; Lindberg et al., 1954, 1959; Lindberg and Larson,
1956; Baurmash et al., 1958, Larson, 1959; French and Larson, 1961; Neel
and Larson, 1963; Romney et al., 1963, Hawthorne, 1965).

During the next decade, beginning with the Sedan event in 1962, studies
were continued to investigate biotic availability of radionuclides and radiation
effects on biota in close-in fallout areas downwind from Plowshare nuclear
excavation tests. Some results from these studies also have been reported
(Martin, 1963, 1964, 1965 a and b; Turner, 1963, 1965; Beatley, 1965; Essing
ton et al., 1965; Turner and Gist, 1965; Martin and Turner, 1966; Romney et
al., 1966; Romney and Rhoads, 1966; Turner and Jennrich, 1966; Rhoads et
al., 1969 a and b, 1970).

Reported herein are findings on the persistence of radionuclides in biota
living in the old fallout areas originally contaminated by debris from above
ground nuclear weapons tests and in some close-in fallout areas more recently
contaminated by debris from nuclear excavation tests.

Materials and Methods

The location of the old fallout study sites relative to the Nevada Test Site
is illustrated in Figure 1. These sites originally were established on the mid
line of highest irradiation intensity in well defined fallout patterns resulting
from nuclear detonations during the Upshot/Knothole (1953), Teapot (1955),
and Plumbbob (1957) test series. Inasmuch as fallout from successive tests
cross-contaminated these study sites, one cannot relate the residual radionu
elide contamination to a given fallout event. Nevertheless, these sites still
serve for evaluating radionuclide persistence in native biota in spite of the
shortcoming of cross-contamination and sparse radiological surveillance in
recent years. The levels of radionuclides in soils were determined each time
biotic surveys were made. Additional study sites were established in close-in
fallout patterns from nuclear excavation tests which occurred in the Yucca Flat
and Pahute Mesa test areas of the Nevada Test Site. Included were the Sedan
(1962), Palanquin (U20K, 1965), Cabriolet (1968), and Schooner (1968) test
events. Recent work has been focused in the U20K fallout pattern.

Methods of collecting, processing, and radiochemical analysis of samples
have been reported (Lindberg et al., 1954, 1959; Larson et al., 1966). Brief
ly, soil samples were taken at 0-2.5 em depth for radiochemical assay and for
use in plant uptake tests under glasshouse conditions. Rabbit samples (Lepus
spp. and Sylvilagus spp. ) were collected with. 22 cal. rifle and kangaroo rats
(Dipodomys spp. ) were trapped on grid lines which originally transected the
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Figure 1. Location of fallout persistence study sites in southern
Nevada and Utah in relation to the Nevada Test Site.

mid-line of highest fallout intensity. All animal specimens were stored in dry
ice until processed for radiochemical analysis. Individual rabbits were pro
cessed separately; kangaroo rats were pooled together and processed in lots
varying from 10 to 20 specimens per sample. They were separated into bone,
muscle, gastrointestinal tract and contents, and lung fractions for determining
radionuclide concentrations. Gamma s~ectrometric assays were made on soil,
plant, and animal samples, and 90Sr , I 7Cs, and 144Ce contents were deter
mined by beta assay of samples chemically separated.

Glasshouse pot tests were run to determine the extent of 90Sr and 137Cs
uptake through roots from soil collected from the fallout study sites. Samples
were thoroughly mixed and potted in 10 kg lots. Some were treated with EDDHA
and DTPA chelating agents at the level of 100 ppm dry weight. Alfalfa (Med
icago sativa L. 'Ranger') was grown on these soils during the first year of the
test; Franseria dumosa Gray, a common native desert shrub, was grown dur
ing the second year.

Results and Discussion

Results from the 1966 survey of the old fallout persistence sites are shown
in Table 1. Both 90Sr and 137Cs continued to move through the gastrointestinal
Itracts of jackrabbits and kangaroo rats sampled. There were only trace amounts
or non-detectable levels of these two radionuclides in lung tissue; therefore, it
appears that the importance of inhalation has decreased while ingestion has in
creased as the route of radionuclide entrY into small mammals with passing
time. A similar trend was detected in 239Pu-contaminated fallout areas (Rom-
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Table 1. Relative concentrations of 90Sr and 137Cs in samples of soil,
plants and small mammals collected in 1966 from old fallout
areas.

km Jackrabbit Kangaroo rat
from (Lepus spp. )c (Dipodom.Y..s spp. )d

Site G. Z.* Isotope Soila Plantb Bone Muscle G I Bone Muscle GI
tract tract

Disintegrations/min. / g dry weight

1 22 90Sr 8.2 1.7 14.4 2.4 10.7 12.2 3.1 8.3
137 Cs 7.4 1.3 10.0 12.6 10.9 19.8

2 26 90Sr 26.8 2.6 7.2 1.1 6.5 7.5 2.8 6.7
137 Cs 15.4 3.7 13.5 13.7 22.4 17.3

3 109 90Sr 9.6 1.1 10.5 0.7 6.4 7.5 1.8 3.9
137 Cs 6.6 1.2 18.0 15.6 12.5 12.3

4 160 90Sr 5.3 2.3 17.4 1.0 10.1 8.2 1.7 5.9
137Cs 7.1 1.9 24.0 37.1 6.1 12.0

5 216 90Sr 2.8 10.9 2.6 9.2 2.4
137 Cs 3.8 1.8 3.9 4.8 9.7

6 224 90Sr 2.5 9.8 6.5 7.2 4.2
137 Cs 4.2 9.1 6.9 4.1 5.4

*G. Z. = ground zero.

~2. 5 em surface soil; bmixed grass spp.; cmean of 2 to 9 replicates;
pooled samples of 12 to 20 kangaroo rats.

ney et al., 1970). The 90Sr accumulated in bone and 137Cs accumulated in
muscle tissue. During the early period after fallout occurred, it was found
that 90Sr and 137Cs were more available to biota at greater distance from
ground zero (Lindberg et al., 1954, 1959; Romney et al., 1963). This was
attributed to greater solubility of the smaller sized fallout particles deposited
further downwind from the nuclear detonation. There continued to be some in
dication of this in 1966, particularly for 90Sr in bone tissue. At no time have
we detected gross anatomic lesions while ~rocessing animal samples. It seems
apparent that small amounts of 90Sr and 1 7Cs will continue to move from abi
otic components in these old fallout areas with passing time.

Results from studies in the close-in fallout area of a nuclear excavation
test appear in Table 2. Data are shown on the relative concentrations of 90sr
137Cs , and 144 Ce in samples of soil, plants, and small mammals collected in
1966 and 1967 at sampling sites in the Palanquin (U20K) fallout pattern. Note
the greater importance of inhalation as an entry route of radionuclides into
small mammals during the early period after fallout occurred in 1965. At the
time of this writing (1971), inhalation has decreased while ingestion has in
creased in importance as the route of radionuclide entry into small mammals
living in the fallout area. Gamma spectrometric results (Figures 2 and 3)
showed that a number of other radionuclides, including neutron activation
products, moved into lungs and passed through gastrointestinal tracts of small
mammals. Among those which were absorbed and deposited in animal tissues
in significant amounts were isotopes of cobalt, manganese, and tungsten.
Some additional results relating to activation products in Sedan fallout already
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Table 2. Relative concentrations of 90Sr, 137Cs, and 144Ce in samples
of soil, plants, and small mammals (Dipodomys spp.) collected
May 1966 and October 1967 from study sites in the Palanquin
(U20K) fallout area.

Disintegrations/min. / g dry weight

Radio- GI
nuclide Year Soila Plantb Bone Muscle Lung Hide tract

Site no. 4, located 0.5 km downwind from ground zero

90Sr 1966 364 25.8 42.9 6.6 19.7 25.2
137Cs 1966 679 38.3 9.6 14.8 12.7 40.9
144Ce 1966 165 57.2 trace 12.5 50.5

Site no. 3, located 1. 0 km downwind from ground zero
90Sr 1966 112 8.2 35.8 12.3 28.5 25.7

1967 3.7 63.5 8.7 22.6 41.4
137Cs 1966 218 11.4 11. 7 19.6 24.6 44.6

144Ce
1967 4.8 12.7 18.9 38.6 77.9
1966 177 17.8 trace 15.7 51. 6
1967 3.7 10.4 26.3 60.3

Site no. 2, located 2.0 km downwind from ground zero
90Sr 1966 36 9.4 58.9 3.8 26.5 12.3

1967 6.0 46.5 3.1 17.9 13.7
137Cs 1966 62 4.8 13.2 26.4 47.3 32.0

1967 4.7 8.0 19.4 14.4 32.1
144Ce 1966 429 29.2 18.9 45.5 46.9

1967 22.8 trace 26.4 9.6

Site no. 1, located 3.0 km downwind from ground zero
90 r 1966 20 5.3 30.7 6.2 59.0 16.1
13~cs 1966 58 7.6 14.1 26.1 75.2 26.3
144Ce 1966 102 12.9 8.5 22.5 69.1

a O- 2. 5 cm surface soil; b
mixed grasses

Table 3. 90 Sr, 137 Cs, and 144Ce contents of new grass grown in the
U20K fallout area with and without protection from dust.

Species Condition 90Sr 137Cs 144Ce

Disintegrations/min. / g dry weight

Stipa speciosa protected 0.55 0.57 0.63
exposed 3.45 4.27 3.42

Hilaria jamesii protected 0.29 1. 02 1. 67
exposed 1. 94 7.72 11. 94

Sitanion jubatum protected 0.79 0.86 3.71
exposed 6.89 1.15 6.61
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Figure 2. Gamma spectra of kangaroo rat (Dipodomys spp.) tissue
samples from the Palanquin area 13 months after fallout occurred.

Figure 3. Gamma spectra of cottontail rabbit (Sylvilagus spp.) tis
sues sampled from the Palanquin area at different time intervals
after fallout occurred on 14 April 1965.

Ce144 Mn54
Cs137

C060
Ca60 K40

Muscle

Mus cle

___~I Tract

Muscle

Co6O

10
66



PERSISTENCE OF RADIONUCLIDES 63

Table 4. Influence of chelating agents on root uptake of 90Sr and 137Cs
by plants grown on potted soil collected from old fallout areas
in southern Nevada and Utah.

Distance Soil Alfalfa F. dumosa
from Treatment 90Sr 137Cs 90Sr 137Cs 90Sr 137CsG.Z.
km Disintegrations/min. / g dry weight

22 Control 8.2 7.4 7.2 0.39 19.7 1.16
DTPA 8.2 7.4 6.6 0.51 18.9 1. 01
EDDHA 8.2 7.4 6.7 0.38 16.9 1. 00

26 Control 26.8 15.4 11.4 0.68 13.8 1. 85
DTPA 26.8 15.4 10.7 0.27 14.4 1. 72
EDDHA 26.8 15.4 12.6 0.36 12.9 1.71

109 Control 9.6 6.6 6.0 0.15 8.6 1.35
DTPA 9.6 6.6 5.4 0.17 7.6 1. 23
EDDHA 9.6 6.6 4.6 0.13 9.5 1. 95

160 Control 5.3 7.1 16.0 0.28 34.1 1.37
DTPA 5.3 7.1 14.8 0.28 32.6 1.16
EDDHA 5.3 7.1 15.9 0.28 32.5 1. 05

Residence time of radionuclides in soil was about one decade.

Table 5. Influence of chelating agents on root uptake of 90Sr and 137Cs
by plants grown on potted soil collected from close-in sites in
the fallout pattern from the Palanquin (U20K) nuclear excava-
tion test.

Distance Soil Alfalfa F. dumosa
from Treatment 90Sr 137Cs 90Sr 137 Gs 90Sr 137CsG.Z.

km Disintegrations/min. / g dry weight

0.5 Control 364 679 121. 2 0.97 144.4 1. 67
DTPA 364 679 66.3 0.51 146.3 1. 72
EDDHA 364 679 100.2 0.81 110.7 1. 53

1.0 Control 112 218 76.3 1.22 153.6 2.30
DTPA 112 218 55.8 0.77 88.1 1.35
EDDHA 112 218 55.3 0.68 105.2 1.33

2.0 Control 36 62 66.5 0.84 118.4 3.37
DTPA 36 62 45.1 0.73 81. 7 1.12
EDDHA 36 62 46.5 0.53 78.6 1. 98

3.0 Control 20 58 57.5 0.78 101. 9 1. 89
DTPA 20 58 46.7 0.71 96.7 2.15
EDDHA 20 58 56.7 0.87 83.9 2.17

Residence time of radionuclides in soil was about three years.
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have been reported (Romney et al., 1966; Romney and Rhoads, 1966). Inas
much as most neutron activation products are relatively short-lived, their bio
logical significance in fallout sharply decreases with passing time. The radio
nuclide concentrations in these close-in fallout areas probably represent some
of the worst-case possibilities of environmental contamination. Fortunately,
these fallout patterns from nuclear excavations are relatively small and con
fined to close-in areas when compared to those from earlier above-ground
tests. Radiological effects on the native vegetation in these close-in fallout
areas have been reported (Rhoads et al., 1966a, and b, 1970).

Table 3 contains data which illustrate how plant material growing in a
fallout area is further contaminated by redeposited fallout debris. Protection
of native grasses was provided by framed enclosures which had clear ~lastic

covers and medical filter-media cloth sides. Significant reduction of °Sr,
137Cs , 144 Ce , and other radionuclides in plant samples was affected by this
protection. External contamination was a greater source of radionuclides in
plant forage than root uptake from soil. Our success in protecting plant ma
terial from fallout debris with these covers prompted a similar application in
the Schooner (1968) fallout pattern wherein large plastic covers adequately
protected native vegetation from destruction by beta irradiation from fallout
debris. Rhoads et al. (1970) reported on this work. See also page 56.

Results of glasshouse pot tests on 90Sr and 137Cs uptake through plant
roots are shown in Tables 4 and 5. Higher levels of 90Sr than 137Cs were
taken up by both alfalfa and the native desert shrub (Franseria dumosa) and
this shrub contained higher levels of 90Sr and 137Cs than did alfalfa. The ad
dition of chelating agents did not significantly influence plant uptake of 90Sr
and 137Cs through plant roots. These pot tests indicate that root uptake of
90Sr and 137Cs increased about ten-fold when grown on soil in which the initial
surface-deposited fallout debris was thoroughly mixed in the root zone com
pared to field grown plants. Radionuclides taken up by plant roots and those
in dust particles adhering to foliage are probably the main dietary source of
contamination to small mammals living in fallout areas.

Summary

The persistence of radionuclides in soil, plants, and small mammals was
investigated in 1966 in areas that had been contaminated with fallout from
above-ground nuclear detonations at the Nevada Test Site during the period
1952-1959. Study sites were established at various locations out to about 225
km from ground zero. Emphasis was placed upon the movement of 90Sr and
137Cs from abiotic to biotic components. Several neutron activation products
also were studied in fallout areas located within 5 km of recent nuclear exca
vation tests. Radionuclides continued to be taken up through plant roots in
small amounts as time progressed, and some continued to be deposited on
foliage as resuspended dust particles. The inhalation route of entry became
less important with passing time, whereas ingestion continued to be the most
important route through which radionuclides entered small mammals living in
old fallout areas. Long lived 90Sr accumulated primarily in bone tissue while
137Cs accumulated in muscle and soft tissue. Most of the neutron activation
products are short-lived, but among those found in animal tissues were iso
t~es of cobalt, manganese, and tungsten. Findings indicate that 90Sr and
1 7Cs will continue to move in small amounts from abiotic to biotic compo
nents in fallout-contaminated areas with passing time.



SENSITIVITY OF DESERT PLANTS TO

ACUTE GAMMA RADIATION

Laboratory experiments were conducted to compare the sensitivity of some
desert plants to acute gamma radiation from a 10,000 curie 60Co source.
Rhoads et al. ~1969) irradiated a natural area on Pahute mesa for 34 days with
a 1,000 curie °Co source. They observed Ephedra viridis to be most sensi
tive to the radiation followed by Juniperus osteosperma, Artemisia tridentata,
~. arbuscula, and Grayia spinosa. In nearby areas damaged by fallout, the
Artemisia species appeared more sensitive to fallout radiation than either
Ephedra or Juniperus. This was later shown to result partly from larger num
bers offalloutparticles trapped on the foliage of Artemisia compared to other
species, subjecting it to higher levels of beta radiation. Another point sug
gested by these field studies was a reduced sensitivity of plants when irradi
ated during dormancy.

Materials and Methods

Desert plant species produced from seeds and rooted cuttings were used
in these experiments. Much effort was spent developing methods of propaga
tion for producing succulent specimens and methods for maintaining the plants
in a succulent, vegetative stage. Preliminary tests had shown that the amount
of variability encountered in radiation response was unacceptable for experi
mental studies when dormant or semi-dormant materials were used. The radi
ation sensitivity of dormant plants is a separate problem involving additional
studies; those findings reported here involved succulent cuttings and seedlings
only. One general observation at this point is that dormancy may reduce the
radiation sensitivity by more than a factor of ten for some woody, perennial
species.

Most of the woody plant materials used were vegetatively propagated.
Seedlings, when available, were the source of cutting materials; terminal cut
tings 2 to 4 inches in length were used. Upon rooting, the succulent cuttings
and seedlings were transplanted to plastic pots and grown for 1 to 6 months be
fore treatment. If too large or woody, they were pruned to maintain a manage
ably sized, vigorously growing plant. Considerable husbandry was required to
provide plants of uniform growth and similar size and shape for the radiation
exposure tests. Replication of treatment levels and repetition of experiments
were both used to verify results. Young deciduous plants had a tendency to be
evergreen in laboratory culture, although once they became dormant they usu
ally remained in that state. It was difficult to break dormancy.

The 60Co source consisted of a series of pencil-type containers arrayed
on a base mount as shown in the mock-up photograph in Figure 1. Plants were
placed about the source in circles or arcs at varied distances to achieve differ
ent exposure levels. Plants were placed on individual turn tables rotating
about 6 rpm. Different radiation treatment levels were obtained by varying the
time of exposure and the distance from the source. Findings reported are for
specimens irradiated without additional shielding of roots other than that con
tributed by the potted soil surrounding the roots.

Irradiated plants were returned to growth areas and cared for to avoid
water stress, insect damage, and over-watering. After several preliminary
tests, a method of scoring plant responses to radiation was selected. Special
consideration was needed for each species (clone) individually; therefore,
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scoring was done for each species at different times after irradiation. We se
lected as criterion for lethal dose the minimum level of acute gamma radiation
at which death occurred. This differs from the conventional LD100 rating of
minimal dose killing 100% of a plant population. The problems of producing
large populations of the relatively slow-growing desert shrubs, and maintain
ing them in a succulent, vegetative state during the course of each test, forced
us to use this scoring system involving only two to five replicates per radiation
level. The tests on each different species usually involved two or more pha
ses, the first of which encompassed a wide range of exposure levels, followed
by further tests in which the range was narrowed down to, and concentrated
about, the levels of suspected lethal dose.

Figure 1. Mock-up of desert plant species being irradIated by a
10,000 curie 60Co source. Specimens were arranged about the
source on individual turntables rotating at about 6 rpm.

Results and Discussion

Results are given in Table 1 for some 30 desert plant species ranked in
order of decreasing sensitivity, according to the minimum level of acute gam
ma radiation at which death occurred. Although these findings represent only
gross, visible responses, they are results from repeated tests. Histological
and cytological work is necessary to verify and describe the nature of radiation
damage involved. We have included some data provided by Dr. Arnold Spar
row's laboratory (Brookhaven National Laboratory, Upton, Long Island) for
nuclear volumes and somatic interphase chromosome volumes (ICV) determined
on samples of a few different species. In the field work on Pahute Mesa re
ported by Rhoads et al. (1969), the arrangement of genus in order of decreas-
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Table 1. Sensitivity of desert plant species to acute gamma radiation
ranked in decreasing order of sensitivity.

Lethal Scoring Nuclear ICV**
dose time volume

Species kR month f.!3 f.!3

Machaeranthera tortifolia 2-3 7
Artemisia spinescens 2-3 7
Hymenoclea salsola 2-3 7
Gutierrezia microcephala 2-3 7
Ephedra viridis 2-3 12 631 45.1
Artemisia tridentata 3-4 26 487 13.5
Artemisia arbuscula 4-5 16 430 13.2
Lycium andersonii* 4-7 26 466 9.7
Franseria dumosa 4-5 15 152 4.2
Eurotia lan~ 4-5 15
Atriplex hymenelytra 4-6 16
Encelia virginensis 5-6 11
Cercidium microphyllum 5-6 11
Grayia spinosa* 5-7 16 128 4.0
Haplopappus cooperi 6-7 7
Franseria eriocentra 6-7 7
Eriogonum fasciculatum 6-7 7
Cowania mexicana* 6-10 7 93 5.2
Coleogyne ramosissima* 6-10 16
Atriplex confertifolia 6-7 16
Atriplex lentiformis 7-8 15
Salsola iberica 9-10 3 176 4.9
Larrea divaricata 10-11 15 212
Atriplex canescens 10-11 14 198
Lycium pallidum* 10-12 16
Kochia americana 10-11 7
Arabis pulchra 10-11 7
Salazaria mexicana 10-11 7
Yucca baccata 10-12 7
Prunus fasciculata* 14-16 16
Yucca schidigera 25-27 32 292 4.9

*Deciduous species difficult to score.
**ICV is interphase chromosome volume.

ing sensitivity to 60Co irradiation was Ephedra, Juniperus, Artemisia, and
Grayia, which was the same order as that of decreasing nuclear volumes or
ICV of these genera. In this laboratory study, the plants involved again fell
into the same order of decreasing radiation sensitivity and, along with others,
generally showed decreased radiation sensitivity as nuclear volumes and ICV
decreased. Some deciduous species, so noted, were difficult to score without
doubt because of their inherent tendency to become dormant when subjected to
environmental stress.

We must emphasize again that the radiation sensitivity of woody, perennial
species is markedly influenced by the vegetative state of the plant when irradi
ated. Dormant plants of many different species could survive radiation levels
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from radioactive fallout which would destroy or severely damage actively grow
ing plants.

Summary

The radiation sensitivity of some 30 different species of desert plants was
compared in the laboratory using a 10,000 curie 60Co source. Some decid
uous plant species were difficult to score because of their inherent tendency
to become dormant under environmental stress. Dormant plants survived
much higher levels of radiation than actively growing plants. The findings re
ported here are for plants irradiated in a succulent, vegetative state. Based
upon a limited amount of data, the order of decreasing sensitivity to acute
gamma radiation generally was the same as the order of decreasing nuclear
volume or lCV of the species.



90Sr UPTAKE BY DESERT VEGETATION

Radioactive 90Sr biologically is the most important of all fission products
in radioactive fallout. This is not only because of the amount produced and its
long half life, but particularly because it is deposited in bone tissue in much
the same way as is calcium. Inasmuch as 90Sr is a weak beta emitter, it is
important as an internal emitter and its presence in the food chain is therefore
of considerable concern. Recognition of the potential biological hazards from
this fission product contributed strongly toward the agreements reached among
world powers to discontinue atmospheric testing of nuclear devices.

Contaminated soils and plants are important links in the movement of 90Sr
through the food chain leading to man. The food chain includes animals upon
which man depends for food. When fallout occurs, the radioactive materials
are deposited on the soil surface and on the surface of plant foliage. Conse
quently, the plant material ingested by animals may be contaminated externally
from adhering fallout particles and internally from absorbed radionuclides.
Workers at this laboratory have investigated plant uptake of 90Sr and certain
factors influencing its reactions in the soil and plant links of the food chain.
Earlier studies primarily have been concerned with agricultural systems and
edaphic conditions involving food crop production (Nishita et al., 1956, 1958,
1961, 1968; Romney et al., 1957, 1959a, and b, 1960a, and b, 1961, 1963a,
and b, 1966; Goss and Romney, 1959; Essington et al., 1962; Nishita and Tay
lor, 1964; Essington et al., 1965).

Experimental Results

Our development of methods to propagate and grow desert plants in artifi
cial environments enabled us to investigate comparative uptake of 90Sr in des
ert vegetation. Several different plant species were grown under glasshouse
conditions in 10-kg lots of soil obtained from west Frenchman Flat and con
taminated with 90Sr (3200 dis/sec/g dry soil). The data in Table 1 indicate
the plant growth periods and the concentration of 90Sr and mineral elements
found in leaf and stem tissues upon harvest. These uptake levels, which oc
curred under choice environmental conditions, are thought to represent the
worst case of 90Sr uptake one might expect under natural desert conditions.

Some interesting trends occur in these data. Uptake of 90Sr varied consid
erably among the species investigated. It was lowest in Oryzopsis hymenoides,
a common range grass, and intermediate in Eurotia lanata, one of the most
preferred of these species by grazing livestock. The four Atriplex species
studied were among the highest and lowest in 90Sr uptake, and two of these
species, 6.. confertifolia and 6.. hymenelytra concentrated high levels of 90Sr
in stem tissue. Several other species studied concentrated as much as three
times more 90Sr in leaves as in stems; their stable strontium levels followed
a similar pattern. Notable examples are 6.. canescens, £;.. lanata, and Chry
sothamnus nauseosus. Tissues containing the highest levels~Sr also con
tained the highest levels of stable strontium and, in addition, they also con
tained the highest levels of calcium and potassium. An exception of this was
6.. confertifolia stem tissue.

Correlation coefficients for 90Sr in leaves x various cations in leaves
(Table 2) indicate that the highest value was for 90Sr x stable strontium. Smal
ler values were obtained with calcium, potassium, barium, or sodium + potas
sium + calcium + magnesium. The implication is that 90Sr (and stable stron-
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tium) is transported at least in part independently of other cations.

Table 2. Correlation coefficients for 90Sr and strontium in leaves or
tops with cations in leaves or tops of desert plants grown in
west Frenchman Flat soil.

Factors
correlated

r

90Sr X Ca
90Sr X Sr
90Sr X K
90Sr X Ba
90Sr X Ca + Mg + K + Na

Sr X Ba

0.647
0.898
0.509
0.346
0.645
0.395

Leaf-stem ratios of various cations (Table 3) indicate that the greatest
correlation coefficient between distribution of 90Sr and cations was for 90Sr X

stable strontium. There was a negative relationship between the distribution
of 90Sr and of calcium. These data also indicate that transport of 90Sr (and
stable strontium) is considerably independent of that of other cations. The
source of stable strontium in the plants was from the soil rather than with the
90Sr application.

Na+K
+Ca+Mg

1.44
1.24
4.06
3.12
2.44
3.02
2.08
2.32
2.58
1. 48
4.60

90Sr X

BaSrCaK

Table 3. Leaf-stem ratios for quantities of various cations calculated
from data in Table 1. *

90
Sr

Artemisia tridentata 1. 09 1. 15 2.24 1. 09 1. 29
Astragalus lentiginosus 1. 06 o. 99 1. 78 0.95 0.66
Atriplex canescens 2.04 4.72 4.68 2.00 1.10
Atriplex confertifolia 0.90 3.28 2.11 0.99 1. 04
Atriplex hymenelytra 0.45 3.57 1.10 0.65 1. 59
Atriplex polycarpa 1. 62 3.45 3. 97 1. 16 1. 12
Chrysothamnus nauseosus 1. 22 1. 49 5.30 1. 42 0.93
Eurotia lanata 3.81 1. 43 4.78 2.25 1. 31
Franseria dumosa 1. 42 1. 08 6.63 1. 35 1. 06
Larrea div~ 1. 04 1. 50 1. 49 0.86 1. 16
Lyciumandersonii 3.58 6.72 2.99 1.47 3.71

*Correlation coefficients were for 90Sr X K, +0.39; 90Sr X Ca, -0.36;
Sr, +0.80; 90Sr X Ba, +0.58; and 90Sr X Na + K + Ca + Mg, +0.52.

Data in Table 1 indicated some variation in the specific activity (d/mlg
90Sr/flg Sr) of 90Sr in the plants. There was some indication that the plants
with high cation levels in leaves had higher specific activities than plants with
low cation levels in leaves. The correlation coefficient between the cation me
sum in leaves X the specific activity was 0.74. This seems to account for part
of the variability. This probably has some bearing on the mechanisms by
which the different species extract cations from soil.
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Summary

The levels of 90Sr uptake varied among different species of desert v1ff:eta
tion. A species of range grass, Oryzopsis hymenoides, had the lowest 9 Sr
content of the species investigated and,perhaps significantly, the lowest specific
activity of 90Sr per stable strontium of all the species. Highest uptake of 90Sr
occurred in Atriplex confertifolia, Atriplex hymenelytra and Lycium andersonii.
Nearly the same levels of gUsr concentrated in leaf and stem tissues of Arte
misia tridentata, Astragalus lenti~inosus, and Larrea divaricata. In~. con
fertifolia and ~. hymenelytra theUSr was concentrated highest in stem tissue.
The other species studied concentrated as much as three times more 90Sr in
leaf tissues as in stems. A similar distribution pattern occurred for the
stable strontium levels in leaf and stem tissues of these desert plant species.
A higher correlation coefficient was obtained for 90Sr X strontium than for
90Sr X other cations or sum of cations. The leaf-stem ratio for the 90Sr was
more correlated with the leaf-stem ratio for stable strontium than with other
cations. There was a positive correlation between specific activity of 90Sr
and the cation sum of leaves.



THE EFFECT OF 60Co-RADIATION ON EMERGENCE

AND SEEDLING GROWTH OF LYCIUM PALLIDUM

AT TWO LEVELS OF HYDRATION

On March 16, 1970,20 seed of Lycium pallidum were placed in each of five
vials for each of five lots of seed, lots 3, 6, 7, 12, and 13, respectively. At
this time similar sets of 20 seed each, five sets per each of the five lots, were
counted out and placed in vials of moist peat. These vials were placed in a
refrigerator at 5°C until March 25, 1970, at which time the seeds were re
moved from the vials of peat and placed in clean vials.

On March 25, 1970, one vial of dry and one vial of moist seed of each of
the five seed lots was given, respectively, 0, 5 kR, 10 kR, and 20 kR of 60Co
radiation. The seeds of the remaining vial for each level of hydration and lot
were oven dried at 105°C for 24 hours to establish the moisture content of the
seed (Table 1).

Table 1. The moisture content and the dry weights of seeds of 1.
pallidum used in the radiation experiment.

Lot Dry seed Moist seed

no. Dry wt H2O Dry wt H2O

mg/seed %dry wt mg/seed %dry wt

3 18.3 5.6 14.7 60
6 21. 3 6.3 16.6 87
7 16.3 8.7 12 8 57

12 22.6 9.3 16.7 76
13 18.2 5.6 15.6 73
means 19.3 7.1 15 3 71

Immediately after radiation treatment the seed was sown in fine vermicu
lite in clay pots and placed in the glasshouse (temperature range 15to 25°C) to
observe emergence.

Seed emergence began in about 10 days, and continued at a diminishing
rate for several days. On June 17, 1970, the emerged seedlings were counted;
at this time no new seedlings had emerged for several days. The percentage
emergence of non-irradiated seed (controls) for the seed lots 3, 6, 7, 12, and
13 was respectively 8, 35, 42, 2, and °%. This type of variability is common
for lots of seeds obtained from the field. A few seedlings had emerged from
the irradiated seeds, but the overall emergence of lots 3, 12, and 13 was so
poor that the data to follow pertaining to emergence of seedlings following 60Co
irradiation of seed is limited to lots 6 and 7. Seed of these lots behaved simi
larly, and the data of the two lots are combined. Status of emergence and sur
vival of seedlings as of June 17, 1970 are given in Table 2.

Indications of this study are that dry seed of 1. pallidum will tolerate 10
kR of radiation and that moist seed will tolerate 5 kR, without significantly
diminishing the emergence of seedlings or their early survival. At radiation
levels much in excess of these, however, the rate of emergence declines
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Table 2. Effect of seed hydration and irradiation on emergence and
survival of 1. pallidum seedlings 90 days after seeding.

Radiation Condition of Seedlings from 40 seed
level seed at time per treatment

kR
of radiation

Live Dead

0 dry 13 0
0 moist 18 0
5 dry 17 1
5 moist 13 1

10 dry 13 2
10 moist 1 6
20 dry 1 1
20 moist 0 0

sharply, and the emerged seedlings have a low survival rate. The increase of
sensitivity to ionizing radiation with increasing water content of seeds is a fair
ly general phenomenon and has been reviewed in the literature (Moes, 1961).

R. T. Ashcroft is the principal author of this report.



REVEGETATION IN AREAS DAMAGED BY CLOSE-IN FALLOUT

FROM NUCLEAR DETONATIONS

Nuclear tests have in many cases destroyed the natural vegetation at the
Nevada Test Site either because of fire or blast (Martin, 1963) or from radia
tion (Rhoadsetal., 1969aandb, 1970). The purpose of this report is to de
scribe observations relating to revegetation of areas in which plant cover was
previously destroyed by nuclear testing activities.

Materials and Methods

In September 1967 three study plots (30 m x 30 m) were established at
about 2000 m elevation on Pahute Mesa in an Artemisia tridentata and Artemisia
arbuscula subsp. nova community. Two years previously, in April 1965, a
plowshare nuclear cratering event (Palanquin) had resulted in a gradient of
plant destruction beginning with complete destruction near ground zero and ex
tending downwind with progressively less destruction to a distance of about 5
km. One of the plots was established in an area where total destruction had
occurred. Another was located in an area of about 80 to 90 per cent destruc
tion. The third plot was established as a control plot in an adjacent area com
pletely devoid of destruction. A partial census of plant populations was made
in the plots on 11 September 1967 and on 21 May 1969.

In July 1962 the Sedan plowshare cratering event resulted in considerable
burial of shrubs by ejecta, and blast damage to shrubs (Martin, 1963; Nordyke
and Williamson, 1965; Beatley, 1965a, b, 1966). In 1969 some observations
on plant distribution were made close in to the ground zero in areas where the
original vegetation had been covered by throwout ejecta or destroyed by blast.
Since the Sedan event the Salsola species had grown in the damaged area in
great abundance (Beatley, 1965; Koranda, 1967). The major reason for the
1969 investigation was to explain the low incidence of Salsola species in 1969.

Results and Discussion

On 11 September 1967 the undisturbed control plot on Pahute Mesa con
tained about 1000 live Artemisia tridentata plants and remains of 300 which
had died of natural causes. With a proportion of 25 to 30% dead shrubs, their
average life span would not be great; we estimate it to be from 30 to 40 years.
If decomposition of the dead ones required 10years on an average, then proba
bly about 30 shrubs die per year. In order to maintain a population of 1000
then, an average of 30 new seedlings per year would be required. In 1967
there were six new seedlings in the plot; in 1969 there were 13; and in 1970
there were 14. Most of these in 1970 were the same ones present in 1969;
however, so that for this 3-year period the number of new seedlings per year
did not approach 30. Numbers of annual growth rings on representative shrubs
indicate that 67 was the maximum number at this plot. A comprehensive study
of growth rings in the species was made by Ferguson (1960) who found that the
number could go over 100. Also in this plot in 1967 were approximately 100
clumps of grass, mostly Oryzopsis hymenoides, Poa sandbergii, Hilaria
jamesii, and Sitanion jubatum. In May of 1969 there were approximately 800
clumps of grass in the plot; the increase was mainly E. sandbergii. In 1967
this plot had 85 Ephedra nevadensis and 14 Grayia spinosa. These numbers
were unchanged in 1969 and 1970. There were no Salsola species in this plot
in any of the years of the investigation.
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In the plot partially destroyed by the test event, there were over 1000
dead~. tridentata in 1967 with 80 live specimens remaining from the old pop
ulation. Some of these were partially damaged but they still produced mature
seed in 1967. In 1970 all 80 of these original plants were still alive. In 1967
there were 35 new A. tridentata seedlings in the plot, and in 1969 these were
still there and new germinations since that time resulted in a total of 240 seed
lings in the plot. On 12 July 1970 the number of seedlings had increased to
390. Prior to 1969 the new seedlings did not grow near any of the old shrubs
whether dead or alive; they germinated in the open areas between the shrubs
(Figure 1). Allelopathy (Muller, 1966) may be involved. In 1967 there were
60 E. nevadensis in the plot and in 1969 there were three more. In 1967 there
were 20 g. spinosa in the plot and they were still there in 1970. In 1967 there
were eight Lycium andersonii in the plot and in 1969 and 1970 there were
eight. In 1967 there were five Eurotia lanata with the same number present in
1970. In 1967 there were about 400 clumps of grass in the plot (Q. hymenoides
mostly) representing seven per cent ground cover by grasses. In 1969 there

Figure 1. New Artemisia seedlings have germinated and established
themselves in open areas between original shrubs destroyed by ra
dioactive fallout from the Palanquin test.



Figure 2. View of the area partially destroyed by fallout radiation.
Note the influx of grass within a 3-year period.

were approximately 5000 clumps (mostly §.. jubatum and.!!. jamesii) with a 28
per cent ground cover (Figure 2). Partial destruction of the A. tridentata had
resulted in changing the plot to a grassland. How long is necessary for the
area to revert back to predominately Artemisia will be followed. In 1967 there
were very few Salsola species in the plot and none in May 1969, at which time
there were numerous Astragalus purshii present. In September 1967 there
were hundreds of Machaeranthera leucanthemifolia. In July 1970 there were
essentially no annuals as was the case generally around the Nevada Test Site
as the result of seasonal drought conditions.

In the fully disturbed plot in September 1967, the vegetation was predom
inately Salsola iberica and ·Salsola paulsenii, M. leucanthemifolia, and Q.
hymenoides. In 1966 there had been a few Salsolaplants in the plot and their
seed may have been necessary for the 1967 population which numbered approx
imately 7500 on .the plot (Figure 3). Each plant was over 30 cm tall in Septem
ber. In 1969 there were a large number of Salsola plants but they did not grow
more than about 5 cm high due to drought conditions. The summer of 1969
was a poor year for Salsola germination in spite of abundant early spring
moisture. Winter and spring moisture did not penetrate into frozen soil par-
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tially due to an early spring thaw which caused heavy water runoff and flooding.
In 1967 there were approximately 1600 dead A. arbuscula, subsp. nova in the
plot with no live ones. In 1967 there were Iii new seedlings but in 1969 there
were only five remaining. One was about 50 cm tall so it is possible that it
was the only one surviving of the 111 and that the other four were new seed
lings since 1967. Possibly dense cover from the Salsola species killed the
Artemisia seedlings in this plot coupled with the 1969 and 1970 droughts. Only
two Artemisia seedlings remained in this plot in 1970. It can be expected that
germination would occur if seed were available. In 1967 there were about 450
clumps of grass, mostly §.. jubatum. This plot also has tended to change to
grassland but at a slower rate possibly due to competition from Salsola species.
In 1967 there were 15 new g. spinosa seedlings in the plot and in 1969 the total
number for this species was 23. In 1970 it was 25. Since the population is of
the same magnitude as that of the undisturbed plot one can conclude that this
species can easily reestablish itself after all the shrubs from a plot are de
stroyed. What role this species may play in the development of a climax under
the circumstances is unknown. Also new in 1967 were two Eurotia lanata, one

Figure 3. View of area in which the original vegetation was de
stroyed by radiation. Note the influx of Salsola species and some
mixed grasses within the 3-year period.
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~. nevadensis, and two Tetradymia axillaris. In 1969 there were four ~.

lanata, four I. axillaris, and two Chrysothamnus nauseosus. In 1967 there
was much Astragalus purshii in this plot.

Following the Cabriolet test in January 1968 when some plant cover was
largely destroyed over a modest area (Rhoads et al., 1969) large numbers of
A. arbuscula subsp.~ seedlings germinated. Two years later many of
these had inflorescences. Plant response and climatological behavior since
that event indicated that two or even three consecutive years of favorable mois
ture seems to be necessary for seedling survival of this species. The first
year would result in seed set (severe drought seems to hinder the process),
the second in germination, and the third in successful establishment and sur
vival. This combination of circumstances occurs rarely.

In late May of 1969 near the Sedan crater (100 m from crater lip) the Sal
sola species had germinated at below normal levels. Further investigation
showed this to be the result of the unusually cool spring months and these sum
mer annuals merely germinated later in the year. A few 1. andersonii shrubs
are growing about 300 m from the edge of the Sedan crater. They appear to be
new shoots from old crowns not completely killed by the ejecta and blast.
Either regrowth was slow or browsing animals had eaten the new growth as it
appeared. A large number of animals are in the area; they appear to like the
soft surface provided by the throwout material around the Sedan crater. The
major plant species for years has been Salsola species and some winter an
nuals which probably provide food for the rodents involved. Also in the area
were a few Atriplex canescens plants; they mostly, however, were near a
roadway where perhaps soil moisture is more favorable than in the open area.
Actually A. canescens is probably the only shrub species germinating and sur
viving in the disturbed area after 8 years. Mixed grasses are becoming dom
inant in some areas around the Sedan crater.

In the spring of 1969 in order to study some aspects of shrub reestablish
ment, some seedlings of different shrub species native to the Nevada Test Site
were transplanted at two different locations. Within a few days the seedlings had
been eaten off by animals to the ground level. Considerable success has been
experienced elsewhere on desert revegetation, e. g. , report of A. P. Plummer,
Restoring Big Game Range in Utah, Pub. 68-3. Utah Div. of Fish & Game, 1968.

Summary

Revegetation changes have been followed in the close-in fallout area of a
plowshare nuclear test which killed most of the native vegetation in one area
and severely damaged it in others. The Artemisia species dominate the vege
tation of this area at Pahute Mesa. In the partially damaged area, Artemisia
seedlings are reestablishing themselves but the area has become a grassland
and few Salsola are present. Allelopathy may be involved in germination of
new Artemisia seedlings. In the completely damaged area, Salsola populations
have been dense and a new population of Artemisia seedlings have died. Grayia
spinosa and to a lesser extent Eurotia lanata, Ephedra nevadensis, Tetradymia
axillaris and Chrysothamnus nauseosus have successfully reestablished them
selves. At the disturbed area around the Sedan crater only Atriplex canescens
of the original perennial shrubs has germinated and survived. Some Lycium
andersonii have survived near the crater (300 m away) with new growth sprout
ing from old crowns. Salsola iberica and Salsola paulsenii have been the prin
cipal plant species in this area since the event. There is evidence that brows
ing animals present could prevent recovery of shrubs in the area by eating any
new seedlings which germinate or new shoots which sprout from old crowns.



CHARACTERISTICS OF EUROTIA LANATA (WINTER FA T)

Eurotia lanata (Pursh) grows over much of the desert and range land of
the western United States, particularly in the Great Basin Desert, and is val
ued as an important forage shrub (Figure I)(Cook and Hurst, 1962; Statler,
1967). It grows in both the Great Basin and Mojave Desert portions of the Ne
vada Test Site.

Shreve and Wiggins (1964) describe ~. lanata as follows:

Eurotia lanata (Pursh) Moq., Chenop. Enum. 81, 1840.

Erect shrub 2.5 - 9 dm tall with slender, leafy branches densely
tawny-stellate-tomentose and with intermingled simple hairs when
young, becoming glabrate and with tawny to light gray, thin bark in
age; leaves alternate with fascicles of smaller ones in their axils,
linear-oblong to linear-lanceolate, 1 - 4 (or rarely 8) mm wide, 1-
3.5 (or rarely 5) cm long, densely but finely stellate-lanate, hairs
tawny to brownish, margins entire and narrowly revolute, acute at
apex, cuneately narrowed at base to petioles 1 - 5 mm long or sessile;
flowers monoecious, crowded in tight clusters in upper axils; calyx
lobes of staminate flowers about 1 mm long, short-pubescent, margins
scarious; frUiting bracts 4 - 8 mm long, densely long-villous with rusty,
simple hairs 3 - 6 mm long; utricle ovoid-lenticular, lanate, seeds free
from pericarp.

Arid regions, Lower and Upper Sonoran Zones, eastern Washington
to Saskatchewan and southward east of the Sierra Nevada to Texas, So
nora, and central Baja California. April - July.

Figure 1. Pistillate and staminate forms of E. lanata. Munz and
Keck (1959) say that~ lanata can be either monoecious or dioecious.
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Studies made of E. lanata in Wyoming resulted in the following conclusions
(Riedl et al., 1964): -

Studies of Eurotia lanata were made to learn how this valuable forage
shrub can be improved and established on western rangeland. The seed
can be threshed satisfactorily with a nursery thresher and processed
by means of various-sized screens, a fanning mill, and a South Dakota
seed blower. The germination percentage of seed collected from 6 loca
tions in 1958 and tested in 1959 varied from 47 to 78 percent. There
were significant differences in germination of seed collected from dif
ferent locations on the same date and on different dates at the same lo
cation. In general, seed collected on the later dates germinated better.
Results also indicate that seed matured earlier at high altitudes than at
low altitudes. Large seed size was associated more with rapidity of
seedling emergence than with total germination. Selection for large
seed types may improve seedling establishment. There were signifi
cant differences in the mean vigor of seedlings produced from seed col
lected at different locations. There was a wide range in seedling vigor
produced from seed collected at the same location on the same date.
These results indicate that it may be possible to select superior
seedling-vigor lines. Seed collected northwest of Taos, New Mexico,
produced a significantly better stand when planted in flats in the green
house than seed collected in Wyoming, Nevada, and other New Mexico
locations. In general, the high seedling-vigor selections produced
more forage than the low seedling-vigor selections during the three suc
ceeding years after they were transplanted to the field. Chemical anal
yses of the forage showed that the crude protein varied from a high of
17.08 percent on Aug. 15 to a low of 8.08 percent on Oct. 14. The
crude-protein percentage generally decreased, and crude fiber in
creased, as the plant matured. Soil samples obtained from sites where
~. lanata was growing were relatively high in pH and carbonates and
low in soluble salts and exchangeable sodium, A count of annual rings
in the cross-section of~. lanata roots indicate it is a lon&,-lived specioes
(74 rings). Plants grew better at night temperature of 40 F than at 20 F,
lOaF, and -lOaF. Those grown at a night temperature of -lOaF died.
Plants exposed to 16 hours of light daily were significantly larger than
those exposed to 12 hours of light. Plants watered weekly grew better
than those watered daily or bi-weekly, Adding calcium chloride to the
soil, up to 0.1 molar concentrations, stimulated plant growth; all con
centrations of sodium chloride studied significantly reduced plant
growth. In general, plants fertilized with 50 lbs per acre of N, P, NP,
and NPK increased growth of~. lanata significantly more than treat
ments of K and PK. Apparently the soil contained enough K for good
plant growth. A better stand was obtained when seed was planted with
a range seeder on April 4 than when planted May 16. Stands were also
better when seed was planted shallow on plowed soil than when planted
deep; however, the deeper planting in sod produced better stands than
the shallow planting.

The relative frequency of~. lanata in Rock Valley is about 2% (number of
~. lanata plants per hectare was 52) (data of William Martin). It tends to grow
well in poorly aerated and fine-textured soil. The almost pure stand of it
shown in Figure 2 is in just such an area, and this behavior has been reported
(Gates et al. , 1956). E. lanata is in the foreground occupying the playa of a shallow
drainage basin with a band of Artesmisia on the bajada above the E. lanata and
Juniper trees growing above the Artemisia. It is tolerant of a slight amount of
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Figure 2. Pure stands of ~. lanata often occupy the playas of shallow
drainage basins in the Pahute Mesa area of the Nevada Test Site.

salinity, but appears to grow best without salinity. This shrub tends to retain
foliage year round unless it is removed by strong wind action. It grows at
elevations below 2,300 m at the Nevada Test Site.

A large number of~. lanata seedlings were present in the spring of 1969
at the Nevada Test Site following a large amount of rain in February. Theyoc
curred either alone in open areas or in existing shrub clumps. Similar effects
have occurred in study plots given supplementary moisture by sprinkler
irrigation near Mercury, Nevada.

Experimental Results

Mineral composition of leaves of field-grown plants are in Table 1. Sodi
um contents were very low, even though the species is moderately tolerant of
salt. Zinc contents were higher than those in samples from some other plant
species growing in the same areas as were the iron and aluminum contents.
Mineral analyses (Table 2) of~. lanata plants grown at different soil tempera
tures in Yolo loam in the glasshouse indicated that this species may accumu
late very high zinc contents. Copper and titanium contents were high and in
creased with soil temperature; aluminum contents were high. Yields decreased
greatly as soil temperatures increased. This species, like Grayia spinosa,
seemed to prefer cool soil temperature and behaves more like the cold Great
Basin Desert species. Gibberellic acid broke dormancy of E. lanata.

Further experiments studying the interactions of air and root temperatures
on growth of~. lanata disclosed some interesting characteristic of this plant
species (Figure 3). It grew equally as well at cool root temperature as it did
at warm root temperature and cold air temperature. Poorest growth occurred
when both air and root temperatures were either warm or cold. It appears
that E. lanata can adapt to either warm or cold desert conditions which probably
accounts for its wide-spread occurrence at various elevations in both the Mo
jave and Great Basin Deserts.

Samples of leaf and stem tissue taken from ~. lanata in dormant and active
growth seasons showed considerable disparity in some mineral contents; there
fore, leaf samples were taken from the same shrubs at different intervals in
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Figure 3. Growth response of E. lanata to variations in air and
root temperatures.

1969 and analyzed by emission spectrograph. Results in Table 3 are of inter
est. Notably, the sodium content remained very low as did the phosphorus con
tent. The potassium content was greatest during the period of active spring
growth then decreased as the tissues matured. There was tendency for calcium
to decrease in leaf tissues during the period of most active growth (April and
May) and silicon tended to follow the same pattern. Boron and titanium ac
cumulated in leaf tissues with increasing age. Zinc, copper, iron, manganese,
and aluminum contents tended to decrease in both leaf and stem tissues during
the period of greatest new foliage production in the late spring months which
may be a reflection of carbohydrate dilution in these tissues. The iron and a
luminum contents of~. lanata are among the highest observed in any of the dif
ferent plant species we have studied at the Nevada Test Site.

Cuttings were easily rooted when dipped into Hormodin 2 powder and
placed in vermiculite in a lathhouse (relatively cool) until rooted.

E. lanata plants were grown in solution at various sodium chloride and
sulfate levels in a preliminary test of its salt tolerance and it proved to be
rather intolerant of salt.
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Summary

Eurotia lanata grows either in association with other shrub species or in
pure stands. It tends to grow well in poorly aerated and fine-textured soils.
It germinates readily in the field when soil moisture conditions are favorable.
It prefers cool soil in the field and goes dormant as soil and air temperatures
increase. This dormancy can be broken by soil applications of gibberellic
acid. It tolerates moderate amounts of sodium, but leaves contain little of it.
It is an accumulator of aluminum, copper, and zinc when available. Copper,
titanium, and manganese contents of leaves increased greatly with increasing
soil temperature. It accumulates high levels of iron and aluminum. Plants
can be readily reproduced by cuttings and by seedlings.



CHARACTERISTICS OF ARTEMISIA SPECIES (SAGEBRUSH)

General Description

Beatley (1965, 1969) lists six species of Artemisia for the Nevada Test
Site and nearby areas. These are Artemisia arbuscula Nutt. subsp. nova (A.
Nels. ) Ward; Artemisia bigelovii Grey in Torr.; Artemisia dracunculus L.;
Artemisia ludoviciana Nutt. subsp. incompta (Nutt. ) Keck; Artemisia spines
~ D. C. Eat.; and Artemisia tridentata Nutt.

The Artemisia species are most pronounced in the Great Basin Desert of
which Shreve and Wiggins (1964) state: "The vegetation of the Great Basin
Desert is dominated by a small number of species of low shrubs, most of
which are either wholly or partly deciduous. It is almost devoid of trees and
also of shrubs with large evergreen leaves, and is poor in succulents and
semisucculents. A distinctive feature of the vegetation is the predominence of
communities which are very simple in composition or have as much as 95 per
cent of their stand made up of a single species. The commonest dominants of
these uniform communities are Atriplex confertifolia, Artemisia tridentata,
A. ~, Chrysothamnus puberulus, and Eurotia lanata. Each of the communi
ties is sharply confined to its particular site and type of soil, and in each of
them the stature of the plants is determined by local conditions of water supply.
In the simplicity of its vegetation and the small number of life forms it contains,
the Great Basin Desert is distinctly of the cold northern type. "

In studying sagebrush in Wyoming, Beetle (1960) observed that A. triden
tata is found in a great variety of ecological sites, ranging from wet to dry,
and on soils ranging from strongly alkaline to non-alkaline. Branson et al.
(1970) reported that shale derived soil occupied by sagebrush in Montana had
low soluble salt content, relatively high soluble sodium, and intermediate
total soil moisture stress values. They further indicated that sagebrush has a
narrow range of tolerance to total soil-moisture stress. Vest (1962) has re
viewed earlier work pertinent to sagebrush tolerance of soil salinity and some
other chemical properties. Billings (1950) reported a restriction of sagebrush
from phosphorus-deficient soils in Nevada, indicating low tolerance for low
levels of phosphorus. This sensitivity to low phosphorus was further borne
out by the work of Wright (1963) and Wright and Mooney (1965) which indicates
that low phosphorus content may account for the poor distribution of sagebrush
on dolomitic soils.

Marda West (1969) recently reported a physiological ecology study of the
characteristics of three species of Artemisia in the White Mountains of Cali
fornia. In this area A. tridentata occupies a climatic span from the desert to
the subalpine (1,800"to 6,000 m) on the sandstone, granite and limestone soils.
A. arbuscula ranges through the sub-alpine and alpine zones (3,050 to 3,900
m) on dolomite, sandstone and granitic soils. A.~ is restricted to lime
stone soils in the pinyon-juniper woodland between 2,100 and 2, 900m. The
high elevation A. tridentata and A. arbuscula shrubs had more efficient photo
synthesis at lower temperatures; the lower elevation A. nova was more effi
cent at higher temperatures. A. tridentata is the moredrought-tolerant spe
cies, whereas A. nova is the least tolerant of environmental drought. The
capability of A:-trici8i1tata and A. arbuscula to undergo photosynthetic acclima
tion is considered to be a majorfactor in the survival of both species over a
wide range of environmental conditions encountered in their natural range.
Likewise, A. nova is restricted elevationally partly due to its inability to ac-
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climate photosynthetically. Miss West further concluded that the correlated
effects of metabolism, germination and growth, and water relationships prob
ably all serve to limit the species elevationally in the White Mountains of Cal
ifornia.

Passey and Hugie (1962) have described some relationships of Artemisia
species to soil formation. They reported that A. tridentata stands are rela
tively dense on deeper-structured soils and there is a definite inhibition of
grasses and annual plants in stands of Artemisia species. Whether or not
allelopathy, as well as water relations, is involved is not well understood.
The recent work of Muller (1966) shows some inhibitive effects of chemical
substances derived from Artemisia californica and Salvia leucophylla on the
growth of several different grasses. Range management methods of eradicat
ing the Artemisia species do greatly increase the growth of grasses and herba
ceous plants. Earlier work on these range management practices has been
summarized by Pechanec et al. (1954). The revegetation of sagebrush areas
destroyed by beta radiation in close-in fallout areas of nuclear cratering tests
initially has come from grass species (Rhoads et al., 1967, 1969, 1970).
Artemisia species are grazed to a limited extent, particularly if livestock
have other sources of feed simultaneously. The rich spice flavor of sagebrush
limits its acceptability to animals and, as mentioned earlier, the grazing po
tential of rangelands can be increased by its removal.

On the Nevada Test Site, a mosaic of A. tridentata and A. arbuscula sub
sp.~ begins at around 1,600 m and continues to the highest elevations.
Both species occur commonly in nearly pure stands. A. tridentata is associ
ated with relatively deep, sandy soils of valley bottoms, benchlands , and the
flatter terrain of the uplands, as on the tops of mesas. A. arbuscula occupies
the shallow, stony soils of the hill and mountain slopes and ridges. The bound
aries between the two types are usually sharply defined (Beatley, 1965, 1969).
The Artemisia species in general (not A. spinescens) are evergreen or nearly
so even though they tend to abscise leaves in the fall. New inflorescences
usually appear on these species in April and May and flowering, except with A.
spinescens, usually occurs in early fall with seed maturing late in the fall.

Experimental Results

Our field and laboratory work with sagebrush has been focused on A. tri
dentata. Figure 1 shows a typical form of this shrub about 75 em in hefghtand
75 em in width dimensions. The major portion of the root system of this plant
is shown in Figure 2. These shrubs have dense root systems which tend to
spread laterally in shallow soils or penetrate deeply into well structured soils.
Goodwin (1956) reviewed earlier work on root systems of sagebrush species
and reported on studies of rooting characteristics of seedlings and mature
shrubs in shallow and deep soils.

The deeper soils occupied by A. tridentata are notably fertile and suitable
for agricultural use when suppliedwith supplementary moisture (Fireman and
Hayward, 1952). We found soil from underneath sagebrush shrubs to be of ex
cellent quality for use as a potting soil for glasshouse experiments.

The root to shoot ratios of Jl. tridentata shrubs vary considerably, and
appear to reflect local conditions of both soil structure and available moisture.
Goodwin (1956) earlier observed tremendous variability of the morphology of
the big sagebrush root system. Most of the above-ground biomass of mature
shrubs is contributed by the heavy, gnarled stem wood. Leaves and inflores
cences contribute a greater proportion of the biomass of young shrubs than
they do in old, ill ature shrubs.



Figure 1. (left) Shrub form of mature A. tridentata at the Pahute
Mesa study site.

Figure 2. (right) Exposed root system of the !l... tridentata shrub
shown in Figure 1.

Nitrogen fixation occurs in the roots of A. tridentata presumably through
microbial endophyte association in root nodules. Farnsworth and Hammond
(1968) found nitrogen fixing microorganisms in nodules on the roots of A.
ludoviciana. This important life process of ecological significance is diScussed
in greater detail elsewhere in the section on nitrogen fixation in desert vegeta
tion (see page 352).

The stems of old specimens of fl. tridentata often appear to have split a
part and allowed soil to work down around the root crown forcing the fraction
ated stems to move away from each other. In time this results in the appear
ance of a cluster of separate plants, but closer examination shows that these
stem parts originally fit together. An interesting happening shed further light
upon this curious stem fractionation process. In December of 1967 we staked
out the shrub shown in Figure 3 and marked its mean height in order to deter
mine the extent to which vertical growth might continue in successive years.
We saw no marked change in height during 1968 and were surprised to find a
decrease in height when we checked this shrub in May of 1969 (Figure 4).

Figure 3. (left) fl. tridentata shrub staked out in December 1967
for continued observation of change in growth.

Figure 4. (right) Same shrub in Figure 3 photographed again in
May 1969 after stem wood had split from heavy snow and ice packs
allowing branches to settle to the Q"rounn. .



Figure 5. Close-up view looking down on the shrub shown in Figure
4 which shows how branches split apart from the weight of snow and
ice packs.

Close examination ·disclosed that the weight of the heavy snow and ice pack
from the severe storms which occurred in January and February of 1969 had
split apart the main stem of the shrub, allowing its branches to settle toward
the ground (Figure 5). Weather station records indicate that about 12. 5 cm
of precipitation occurred during these storms at this study site.

The manner in which stem wood became fractionated is further illustrated
by Figure 6 which also shows the ring structure across an oblique cut through
a branch. Note that the main cleavage initially appears to have occurred
through the center of the stem. This stem section varied from 5 to 6 cm in
width. If each ring represents I-year's growth, the age of this shrub was
around 60 years. Ferguson (1964) has reported on studies of annual rings in

Figure~. An oblique cross section of a fractionated stem from a
mature A. tridentata shrub showing the typical growth ring struc
ture.



Figure 7. One of several 3 x 3 meter study plots denuded by re
moving shrubs, including roots.

big sagebrush (A. tridentata). Based upon the evidence from growth ring
counts, the big sagebrush at the Nevada Test Site reaches relatively old ages
from 50 to 100 years. About one-third of the specimens of A. tridentata at
two study sites on Pahute Mesa were completely dead, manyof which had not
reached old age. Ring counts of stem wood sampled from representative
shrubs which were not seriously decomposed varied from 22 to 87 rings and an
average for 25 samples counted was 41 rings. If the number of new seedlings
(less than 15 cm tall) present in the stands represents normal reseeding, the
proportion of new seedlings to mature shrubs and dead specimens indicates
that the average life span of A. tridentata at these sites may be no more than
about 30 years. -

Reseeding occurred rapidly in plots that had been denuded by removing
shrubs, including roots. The illustrations in Figures 7 and 8 show an example
of reseeding that occurred during the three year period following removal of
shrubs. We counted 53 seedlings in this 3 x 3 m study plot after the first year.
There were 27 seedlings in the plot two years after shrub removal and 19 re
mained the third year. If norm'al density were restored to this particular
plot, five to seven seedlings should survive to maturity. Competition for
moisture is not the only factor preventing seedling survival. In October of
the third year (1970) after shrubs had been removed, we visited these plots



Figure 8. Closer view of the plot in Figure 7 showing new seedling
development during the 3-year period following denudation.

Figure 9. View of the study plot shown in Figure 7 and 8 showing
the decimation of seedlings by grazing rabbits.
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and found that rabbits had seriously pruned the foliage from most of the seed
lings (Figure 9). Apparently the young stem tips are preferred eating by the
animal because leaves and inflorescences were left uneaten beside the pruned
seedlings (Figure 10). This pruning by rabbits also occurred on seedlings
elsewhere than in the denuded plots and in many cases the young stem wood
was chewed right down to the root crown.

Less than half the normal rainfall occurred during the winter and spring
preceding the 1970 growing season. New primary productivity on~. triden
tata shrubs was noticably poor as was inflorescence development. This drought
condition probably contributed to animal predation on seedlings in 1970 in that
there was no evidence of such predation in 1967 to 1969. The extent to which
these severely pruned seedlings can continue to survive is of continuing inter
est to us because damage to seedlings from grazing animals may be a major
factor contributing to the paucity of native shrub revegetation in disturbed
areas of the Nevada Test Site. There are a number of denuded areas varying
from a few square meters to several square kilometers in size in which there
has been virtually no revegetation by the native shrub species after nearly two
decades. Seedlings do germinate in these areas but virtually none have sur
vived. We presume that one dominant factor involved is the lack of sufficient
moisture during the period necessary for seedlings to become established.
We see much evidence, however, of damage to seedlings by animals which we

Figure 10. Close-up view of ~. tridentata seedlings in study plot
heavily pruned by rabbits which indicates that young stems were
preferred in their diet over leaves and inflorescences which have
been left on the ground. Note rabbit droppings near plant.
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Figure 11. Examples of A. tridentata seedlings excavated from a
disturbed site which showthe influence of available soil moisture.
All seedlings had three growth rings.

believe is of considerable ecological significance. The small-mammal popula
tion of these areas is relatively high and stable because of the sustaining food
supply from good stands of winter annuals and grasses which have become
established on these disturbed sites. The extent to which small mammals may
decimate seedling populations was clearly evident from a study in which an at
tempt was made to transplant seedlings and rooted cuttings of several shrub
species in a denuded area. One hundred 1- to 3-year old plants were trans
planted in a grid 10 m apart in October 1970. Within two weeks all plants had
been either consumed or severely pruned. The presence of fresh rabbit drop
pings among the transplant sites showed that rabbits had been eating in the
area, and we suspect that small rodents also may have been active participants.
The shrub species involved were Artemisia tridentata, Larrea divaricata,
Lycium andersonii, Lycium pallidurn , Ephedra viridis, l\triPlex canescens,
Atriplex confertifolia, Yucca brevifolia and Yucca schidigera.

The influence of available soil moisture on seedling development is illus
trated in Figure 11. Seedlings ranging from 5 to 20 cm in height and from 5
to 20 cm in diameter were excavated from alongside a bladed roadway. At
first we thought that the different sized seedlings at this particular site might
represent different aged plants; however, subsequent dissection disclosed that
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each of these seedlings had three growth rings. Further study of this site dis
closed that seedlings growing near or in local moisture catchments were larger
than seedlings growing on well-drained slopes. The seedling population at
this site apparently resulted from seed germination in the spring of 1967. An
nual rainfall measured at the nearest A. R. L. Meteorological Station for the
three years following germination was 26.7 (1967), 18.7 (1968), and 23.5 (1969)
em.

Ii. tridentata is the only sagebrush species which we have worked with in
the laboratory. Seeds germinate easily and cuttings are also easy to root,
especially when succulent, vigorous material from young plants is used and
when treated with 0.3 per cent IBA and then rooted in a mist house.

One-month-old seedlings were transplanted along the edge of glass-fronted
boxes of soil which were 50 em deep. A cover over the glass front was re
moved periodically to observe vertical penetration of the roots. Normally
there was the formation of one long taproot; however, we noted that when the
taproot was injured in transplanting, a root system of several nearly equal
branches was formed. The taproot of one seedling elongated to 46 em from an
initial length of 2 em in 16 days. The work of Goodwin (1956) on seed germi
nation and root development of A. tridentata is pertinent. Goodwin observed
that germination occurred readily without pretreatment but was increased by
moist stratification at 2°C. Temperatures above 25°C inhibited germination.
Germination occurred at temperatures of 5 and 7°C. The most uniform and
highest percentage germination was obtained at 17 and 19°C under normal day
light. Field germination began the first week in February and ceased in April
at his study site located near Clarkston, Washington. Goodwin's studies fur
ther showed that the root systems of seedlings continued to develop even
though the air temperature was below freezing. Aerial growth of seedlings was
not noticable until the air temperature began a steady climb. Root systems
were influenced by soil structure. On deep well-aerated soil, a taproot with
few lateral roots developed. A root system of many widely branching laterals
without the dominant taproot developed on shallow soil containing hardpan.
Our observations at the Pahute Mesa study sites essentially agree with these
earlier findings reported by Goodwin.

Ii. tridentata seedlings grew poorly in soil at 35°C (Table 1). They grew
much better at 13 and 22°C, but growth was best at 22°C. In a second experi-

Table 1. Effect of root temperatures on growth and mineral composition
of Ii. tridentata seedlings in Yolo loam soil for 2 months.

Soil Yield P Na K Ca Mg Zn Cu Fe Mn B Mo Sr Ba
temp. mg/
°c plant %of dry weight ppm of dry weight

First experiment (whole plant)

13 2740 0.50 0.20 2.87 0.70 0.27 63 42 894 382 250 4.4 27 78
22 3430 0.50 0.15 2.91 0.59 0.26 87 54 681 408 134 5.2 22 66
35 1110 0.69 0.20 3.02 0.49 0.26 61 341182 269 149 4.7 23 88

Second experiment (leaves only)

16 2330 0.43 0.04 3.90 1. 77 0.28 14 15 210 99 91 4.8 54 48
21 2650 0.39 0.04 5.15 1. 74 0.34 21 14 206 100 87 4.0 60 58
28 930 0.52 0.08 2.97 2.97 0.52 10 14 520 126 156 1.4 77115
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Figure 12. Response of A. tridentata grown at different root tem
peratures for 60 days (scale ia cm. ).

ment rooted cuttings definitely preferred cool soil temperature to warm tem
perature (Figure 12). Growth at root temperatures of 16 and 21°C was much
better than at 2SoC. In both of these experiments the air temperature was that
of the glasshouse which varied from 25 to 2SoC. In a third experiment both
air and root temperatures were varied. Figure 13 shows the growth response
of rooted cuttings from this test in which A. tridentata again showed a decided
preference for cool soil and for cool air temperature, to an almost equal ex
tent. Optimum growth occurred at 24°C root temperature and 16°C air temper
ature. Yields and mineral analyses for the first two experiments are listed in
Table 1. These cooler temperatures are more typical of the ambient and root
temperatures to which shrubs native to the Great Basin Desert are subjected
during their peak growth period in late spring. The high temperatures are
more typical of the conditions which shrubs of the Mojave Desert should en
counter during peak growth season. We believe that this preference for cooler
air and root temperatures is one reason why A. tridentata grows abundantly at
elevations of lS00 meters and above but not lower than about 1500 meters at
the Nevada Test Site (Wallace et al., 1970).

A. tridentata seedlings and rooted cuttings are sensitive to chlorides in
soils and also in nutrient solutions. Figures 14 and 15 show the growth re
sponse to levels of SO, ISO, and 2S0 me per liter compared to standard Hoag
land solution when supplied as CaCl2 or NaCl. Poorest growth occurred when
supplied as CaCI2' It would further appear that this species is sensitive to
chloride rather than sodium from the results of an experiment which showed
a rather high tolerance of sodium applied to nutrient solution as Na2S04 (Fig
ure 16). The presence of 2S0 me Na2S04 per liter of nutrient solution was



ARTEMISIA SPECIES 97

needed to markedly inhibit growth. The growth period on these different salt
treatments was 60 days. Several investigators have reported on the sensitivity
of sagebrush species to high salt concentrations and chloride sensitivity could
contribute to the factors involved in the sharp demarcation lines in some eco
tones between h:.. tridentata and other shrub species more tolerant of chlorides.

h:.. tridentata is found growing on calcareous and non-calcareous soils.
At the Nevada Test Site this species grows abundantly on volcanic derived soils
which are high in calcium. The necessity for high calcium for healthy growth
was demonstrated in nutrient culture experiments where poor jrowth occurred
when the calcium level was reduced to the range of 10-4:ti Ca+ (Figure 17).
It does appear, however, that A. tridentata is sensitive to soil pH and may
grow better under neutral or slightly acidic conditions. We observed that this
species grew better under these conditions in 90-day tests where Yolo loam
soil had been amended with either 10 per cent CaC03 or 2 per cent sulfur.
Yolo loam is one of the fertile agricultural soils of California with relatively

Figure 13. Dry weight yields of h:.. tridentata grown for 60 days at
different air and soil temperatures.
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Figure 14. (too) Response of A. tridentata cuttings grown 60 days
on Hoagland solution and CaC12 treatments of 80, 180, and 280 me.
per liter.

Figure 15. (center) Response of A. triden:ata cuttings grown 60
days on Hoagland solution and NaCl treatments of 80, 180, and 280
me.;)er liter.

Figure 16. (bottom) Response of A. tridentata cuttings grown 60
days on Hoagland solution and Na2S04 treatments of 80, 180, and
280 me. per liter.
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high levels of calcium and near neutral pH. Yield data and rliineral composi
tion of plants from this experiment are shown in Table 2. Iron, manganese,
cobalt, zinc, and molybdenum contents were related to soil pH in that molyb
denum showed a positive relationship and the others a negative relationship.

Table 2. Shoot yields and mineral composition on the dry weight basis
of leaves of J:=.. tridentata grown in Yolo loam soil with and
without excess CaC03 and sulfur.

Measurement* Unit CaC03 Control Sulfur
(pH 7.5) (pH 6.0) (pH 4.2)

Leaf wt g/plant 2.92 4.06 8.20
Stem wt g/plant 1. 22 1. 64 2.30
Ca % 0.81 0.67 0.54
K % 2.27 2.44 3.16
Mg % 0.21 0.19 0.24
Na % 0.09 0.03 0.09
P % 0.34 0.42 0.53
B ppm 62 58 45
Cu ppm 40 38 37
Fe ppm 140 112 315
Mn ppm 95 154 551
Co ppm 1.4 2.1 8.5
Mo ppm 6.2 2.2 2.5
Zn ppm 40 100 129

*Mean of 3 replicates.

Figure 17. Growth response of J:=.. tridentata to calcium levels in
nutrient solution.
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A. tridentata seedlings and cuttings may be sensitive to air pollution in the
Los Angeles area. Plants growing outdoors and in the glasshouse without
carbon-filtered air often have browned leaves indicative of air pollution injury.
On the other hand, plants grown in growth chambers and in glasshouses with
carbon filter protection have not shown this damage.

The Ii. tridentata shrub is relatively sensitive to ionizing radiation. It
is one of the most sensitive shrubs to fallout beta and gamma radiation in areas
of fallout deposition downwind from nuclear testing events (Rhoads et al., 1967,
1969, 1970). This species had a relatively high nuclear volume (487 1J3).
Studies with the 10,000 curie 60Co gamma radiation source at this laboratory
showed that acute radiation levels of less than 2,000 R can inhibit growth, and
levels above 3, 000 R can be lethal. An example is illustrated by Figure 18
wherein acute irradiation levels greater than 3,000 R were lethal to one-year
old specimens within 90 days after exposure.

Table 3. Mineral comP9sition of field grown Ii. tridentata at Pahute
Mesa on the dry weight basis.

Unit Stems Leaves

p % 0.13 .16 0.17 .29
Na ppm 132 624 362 584
K % 2.32 2.28 1. 78 2.71
Ca % 0.60 0.43 0.89 0.96
Mg % 0.11 0.20 0.15 0.27
Zn ppm 12 10 25 18
Cu ppm 14 12 14 13
Fe ppm 294 364 390 376
Mn ppm 47 75 95 128
B ppm 21 54 37 74
Ti ppm 37 23 47 21
Al ppm 446 352 619 377
Mo ppm 1.0 1.0 0.8 2.7
Co ppm 0.5 2.3 0.5 2.6
Ni ppm 2 4 5 11
Sr ppm 47 63 42 72
Ba ppm 19 38 25 26
Si % 0.23 0.32 0.40 0.26

The mineral composition of samples from Ii. tridentata growing on Pahute
Mesa is shown in Table 3. The two examples given are typical of the mineral
elements generally found in leaf and stem tissues of this species.

Summary

The Artemisia species in general belong to the Great Basin Desert, and
our soil temperature studies indicate that A. tridentata prefers cool soil tem
peratures (13 to 24°C) to hot soil (28 to 35OC). Optimum growth was obtained
under controlled air and root temperature conditions of 24°C root temperature
and 16°C air temperature. Ii. tridentata seeds readily germinate and under
glasshouse conditions the roots of seedlings elongate at the rate of about 2.5
cm per day. Stem cuttings were easily rooted. Ii. tridentata in our Nevada
Test Site study areas apparently live an average of about 30 years, but some



Figure 18. Acute irradiation levels greater than 3 ,000 R gamma
were lethal to I-year old A. tridentata shrubs within 90 days after
exposure. (treatments, left to right, 0, 1, 2, 4 kR)

individuals do live much longer, especially under optimum edaphic and mois
ture conditions. About one-third of the plants in the stand were dead but there
are sufficient new seedlings present in the area to replace the old stand in 20
to 30 years if the same rate of new seedlings is maintained each year. Rabbits
graze on new A. tridentata seedlings and this may be an important factor in
fluencing seedling survival. Stands of A. tridentata use soil moisture suffi
ciently to curtail the growth of grasses-:- In areas in which the shrubs had been
destroyed by irradiation from fallout debris, the first stage of revegetation
was from grasses. However, new seedling development has occurred in these
areas in more than sufficient amounts to reestablish the original stands of A.
tridentata. Possibilities of allelopathy between the species present is of con
tinued interest to us. A. tridentata appears to be sensitive to chlorides and
to changes in soil pH. It is commonly found growing on calcareous soils, yet
it grows well on non-calcareous soil. Low calcium levels of about IO-4N in
nutrient solution inhibited its growth. Field grown A. tridentata absorbS-little
sodium and it generally has lower phosphorus than many other shrub species.



CHARACTERISTICS OF EPHEDRA SPECIES (MORMON TEA)

Four species of Ephedra are present at the Nevada Test Site (Figures 1-4)
(Beatley, 1965, 1969). Ephedra funerea Cov. & Mort., Ephedra nevadensis
Wats., and Ephedra torreyana Wats. are common in the Mojave Desert portion
of the Nevada Test Site. Ephedra viridis Cov. is common in the Great Basin
portion of the Nevada Test Site.

Two of these are described by Shreve and Wiggins (1964).

Ephedra nevadensis S. Wats., Proc. Amer. Acad. 14:298, 1879.

Erect, pale green or glaucous shrub 5 - 12 dm high with spreading,
slightly scabrous, more or less flexuous branches; leaf scales in twos,
2 - 6 mm long, sheathing to about middle, obtuse to acute at apex,
mostly deciduous in age; staminate cones sessile or short-pedunculate,
with 4 - 9 pairs of obovate bracts 2 - 3 mm Wide, 3 - 4 mm long; ovu
late cones subglobose, 5 - 11 mm long on peduncles 1 - 50 mm long,
bracts binate, round-ovate, in 3 - 5 whorls, firm, scarious on margins,
sessile; seeds 1 - 2 in a cone, 6 - 9 mm long, 2 - 4 mm wide, exserted,
smooth, trigonous, when 2 in a cone, with flattish face and strongly
convex or carinate back.

Arid hillsides and plains, Upper and Lower Sonoran Zones, Mojave
Desert to southern Utah, south into Sonora and Baja California.

Ephedra viridis CovHle, Contr. U. S. Nat. Herb. 4:220, 1893.

Erect, rigidly branched shrub 5 - 12 dm tall with bright green or
yellow-green branches 2 - 3 mm in diameter, their tips obtuse; leaves
in pairs, 1. 5 - 4 mm long, sharp-tipped, connate from one-third to
three-fourths their length, deciduous but leaving persistent brown bases;
staminate cones obovate, 5 - 7 mm long, sessile, with 6 - 10 pairs of
ovate, yellow or slightly roseate and membranous bracts 2 - 3 mm
broad, 2 - 4 mm long; ovulate cones obovate, 6 - 10 mm long, sessile
or short-pedunculate, with 4 - 8 pairs of ovate branches 2 - 4 mm wide,
4 - 7 mm long; seeds trigonous, smooth or faintly striate, brownish,
5 - 8 mm long, 1 - 2 mm longer than bracts.

Rocky hillsides, mesas, and washes, Lower Sonoran Zone to Tran
sition Zone, eastern Ventura County, California, to western Colorado,
south into Arizona and the Colorado Desert.

Benson and Darrow (1954) gives the following description for Ephedra
torreyana:

Ephedra torreyana S. Wats. Torrey Ephedra; Mormon Tea. (1)
Scalelike leaves of the stem in 3's, 1/6 to 1/8 inch long; (2) seed
roughened by short, narrow, crosswise ridges, beaked, the narrow
beak as long as the body, wr8>pped in scales; (3) scales of the cones
yellow on the thin, membranous outer parts, pinkish to reddish tan in
the centers, the upper scales of the ovulate cones stalked. Branches
rather large, the bulk of the twigs about 2 mm in diameter, green or
yellow-green, perhaps sometimes glaucous; leaves with the apices re
curved in age, 3 - 4 mm long, brown with the edges light, thin, and
membranous; staminate cones nearly spherical or ovoid, about 5 - 7 mm
long, the scales nearly circular, 2 - 3 mm long, stalks of the individual

102



Figure 1. E. nevadensis
shrub form common in the
Mojave Desert portion of the
Nevada Test Site.

Figure 2. E. viridis shrub
form common in the Great
Basin Desert portion of the
Nevada Test Site.

Figure 3. ~. funerea shrub
form in the Mojave Desert
portion of the Nevada Test Site.



Figure 4. ~. torreyana shrub
form at the Nevada Test Site.

Figure 5. Staminate (male)
cones on ~. nevadensis grow
ing at the Nevada Test Site.

Figure 6. Ovulate (female)
cones on ~. nevadensis grow
ing at the Nevada Test Site.



.J:<'lgure 7. (left) New stolons produced on ~. nevadensis growing
in Rock Valley.

Figure 8. (right) Above-ground shoots of ~. nevadensis colonies
joined together by a complex network of rooted stolons.

Figure 9. E. nevadensis usually does not produce underground
stolons when branches remain uncovered by wind-blown materials.
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anthers 0.3 - 0.5 mm long; ovulate cones not stalked, 10 - 12 mm long,
the scales in many cycles of three, conspicuously membranous except
in the centers, the blades 6 - 8 mm long, 7 - 9 mm broad, the stalks
of the upper ones about 2 mm long; seed obscured by the scales, light
colored, the body narrowly ovoid, 4 - 5 mm long, the beak or attenua
tion about the same length.

Sandy or gravelly plains and mesas in the sagebrush and creosote
bush deserts at 2,000 or commonly 4,000 to 6,000 feet elevation.
Southern Nevada, nearly reaching the California border in Nye and
Clark counties; central and southern Utah; southwestern Colorado;
Arizona from northern Mohave County southeastward to northern Yava
pai County and eastward along the Colorado and Little Colorado River
drainages; New Mexico on the San Juan River and the Rio Grande drain
ages from Santa Fe southward; western Texas, Chihuahua, Mexico.

Munz (1959) gives the follOWing description of Ephedra funerea:

E. funerea Cov. & Mort. [E. californica val'. f. L. Benson. ]
Erect, 0.3 - 1. 5 m high, withstiff hard branches to 3.5 mm thick and
internodes 2 - 6 em long, pale, gray-green, glaucous, slightly rough
ened; lvs in 3's, 3 - 6 mm long; cl'cones elongate-elliptic, 5 - 8 mm
long, with 6 - 9 whorls of 3 bracts, these ovate, 3 - 4 mm long, mem
branaceous, yellOWish; ~ cones lance-obovate, 8 - 13 mm long, the
bracts in 6 - 9 whorls, obovate, 4 - 8 mm long, yellow-translucent ex
cept for the green cent. part; seeds mostly 1, tetragonal, pale green to
light brown, 6 - 9 mm long, smooth to scabrous. -At ca. 2000-5000 ft.;
Creosote Bush Scrub; Death V. region, sw. Nev. March-April.

Ephedra is dioecious. It grows slowly and flowers irregularly. Its phe
nology is very dependent upon seasonal soil moisture conditions. In some
years it grows extremely little and may not produce flowers and fruits in some
years. The staminate (male) cones and ovulate (female) cones are produced in
the springtime (Benson and Darrow, 1954) (Figures 5 and 6).

The species E. nevadensis is of particular interest in our study area in
that it tends to produce clumps or "colonies" of shrubs originating from a host
plant through underground stolon production, as is illustrated in Figure 7.
Upon excavating a colony of,§. nevadensis, one finds the above-ground shoots
and branches joined together by a complex network of rooted stolons (Figure 8).
Exceptions to this do occur, and it appears that stolon production is associated
with the covering of branches by wind-blown sand and silt deposits that accum
ulate around the base of the shrubs. When a shrub is growing on terrain that
is not conducive to the accumulation of wind-blown materials it usually does
not show stolon formation (Figure 9).

Experimental Results

Before 1969 we were unable to collect seed in the field, but a commercial
source of~. viridis germinated readily and specimens are available and grow
ing in Yolo loam soil. Tests on ~. nevadensis seed collected in Rock Valley
in 1969 resulted in about 3% germination.

Most cuttings from field collections of different Ephedra species did not
root under several methods of vegetative propagation, and those few which did
root did not survive on transplanting. A large supply of cuttings was prepared,
however, from the glasshouse-grown seedling stock of~. viridis and ~.

nevadensis.
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Some specimens of E. nevadensis have been bare-rooted in the field and
brought to the laboratory-for study. These have grown successfully.

Cuttings of E. viridis grown at different soil temperature for 60 days grew
somewhat better-at2"O'CThan at 16 or 28°C. The mean dry weight of shoots
were 1. 86, 1. 29, and 1. 26 g, respectively. This indicates that the species is
a representative of the cool or intermediate desert.

Ephedra is extremely sensitive to ionizing radiation (Rhoads et al., 1969).
In 1969, after 5 years of a chronic exposure to radiation from a 33, GOO curie
137Cs source (French et al., 1967; French, 1969; Turner and Lannom, 1968),
vegetative growth and fruiting of r;.. nevadensis was greatly inhibited (see page
11). This result was of great interest in that for 4 years of the study no def
inite effects from the radiation were apparent, although suggestions of effects
were noted (French, 1969d. Additional experiments with r;.. viridis cuttings ex
posed to our laboratory 6 Co irradiation source showed the LD100 dosage
from acute exposure to be 3kR. The nuclear volume of Ephedra species is
relatively large. Rhoads et al. (1969) reported nuclear volumes of 677 and
579 cubic microns for female and male E. nevadensis, respectively, and 631
cubic microns for ~. viridis (sex not determined).

The mineral composition data in Table 1 indicate that the Ephedra species
shoots are generally low in sodium and phosphorus. Analyses of new shoot tis
sues and tissues older than one year showed an inversion of the potassium and
calcium contents of shoots in each of the four species examined; i. e., new
shoots have high potassium and low calcium contents, and old shoots have high
calcium and low potassium contents. Upon observing this, we periodically re
moved new shoot samples from the same tagged ~. nevadensis shrubs for min
eral analysis. Results in Table 2 show that the potassium content is low in
new emerging shoots and increases as the new shoots mature. It subsequently
decreases with age. On the other hand, the calcium content is high in new
shoots and decreases as the new shoots mature during the late spring and sum
mer season, then it increases with age.

Summary

Four species of Ephedra occur at the Nevada Test Site and these separate
into cold and hot desert species. Ephedra species grow slowly and in some
years do not produce flowers or seeds. ~. nevadensis has a clumping habit
due to underground stolon production. Seedlings and cuttings of~. viridis and
E. nevadensis were prepared and used for several studies. E. viridis grew- ° - --:-;;rr::somewhat better at a root temperature of 21 C than at either 28 or 16 C.
Shoots of E. nevadensis do not accumulate sodium, are low in phosphorus and
high in aluminum. Very young shoots are low in potassium and high in calcium
in contrast to most plant species. Ephedra species are extremely sensitive to
gamma radiation.



CHARACTERISTICS OF GRAYIA SPINOSA (SPINY HOP SAGE)

Grayia spinosa (Hook.) Moq. grows over much of the Nevada Test Site.
The relative frequency of distribution for Q. spinosa is about 3% (160 Q. spinosa
plants per hectare) in a section of the Rock Valley area where elevation is
about 1100 m. Larrea divaticata is the predominant shrub in this area as it
generally is elsewhere in the Mojave Desert. At elevations of about 2100 m in
the Pahute Mesa area the relative frequency of Q. spinosa is about 1%. The
associated vegetation at this location is largely Artemisia species, typical of
the Great Basis Desert. Q. spinosa usually is an associated species but it can
also be a codominant species or it can occur in nearly pure stands (Beatley,
1965). It is a dioecious shrub (Figures 1 and 2) that extends from the Great
Basin Desert southward through most of the Mojave Desert (Benson and Darrow,
1954).

Description

Shreve and Wiggins (1964) give the following description of Q. spinosa:

Intricately branched shrub 3 - 12 dm high; branchlets usually spinose,
sparsely stellate-scurfy in youth, bark glabrate and dark gray on older
stems; leaves oblanceolate to oblong-oblanceolate, 0.5 - 4 em long,
rounded or obtuse at apex, gradually narrowed to a short, slender pet
iole, stellate-pubescent when young, soon glabrate; flowers crowded in
terminal spikes or some in axillary clusters; fruiting bracts obovate
to orbicular, 3 - 15 mm in diameter, lightly veined, lutescent or often
tinged with red; seed 1. 5 - 2 mm in diameter, dull. Arid plains and
rocky hillsides, mostly Upper Sonoran Zone, eastern Washington to
western margin of Colorado Desert, eastward to Wyoming, Colorado,
and northern Arizona. March - June.

Q. spinosa at the Nevada Test Site lives to be at least 20 years old, as in
dicated by the number of growth rings in the root crowns of median-sized shrub
4 to 6 dm in height and diameter. Q. spinosa could not possibly put on more
than 1 growth ring per year because of its strong summer dormant habit. It

Figure 1. Pistillate form of Q. spinosa.



Figure 2. (left) Staminate form of Q. spinosa.

Figure 3. (right) Rooted cuttings of Q. spinosa.

16° 21° 28°

$;.
','l>~\!.'"'~..,\ .'

//

1----

-1,t
Figure 4. (left) Plant on right broke dormancy after chilling 2 weeks at 5° C.

Figure 5. (right) Growth of Q. spinosa cuttings 60 days at varied root tem
peratures.

Figure 6. (bottom) Gibberellin added to plant at left broke dormancy of Q.
spinosa.
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becomes completely leafless and dormant in relatively early summer and this
dormancy is not broken either by late summer rains or by irrigation. August
rains at the Nevada Test Site in 1967 resulted in resumption of growth of many
shrub species, but not that of g. spinosa.

Reseeding is not common within our experience in the Larrea areas, ex
cept where supplementary irrigation was applied. In the summer of 1967, a
large number of g. spinosa seedlings germinated and survived at a disturbed
area study site on the Pahute Mesa. These seedlings grew to a height of 3 to 4
dm in the first year.

Rickard (1969) reported that g. spinosa and Sarcobatus vermiculatus can
grow together, but that g. spinosa will accumulate potassium while §. vermic
ulatus accumulates sodium. Rickard and Keough (1968) reported that g. spinosa
eliminated excess potassium by leaf abscission.

Experimental Results

Seed from g. spinosa germinated readily in vermiculite without special
treatment. Cuttings from g. spinosa plants were brought from the Nevada
Test Site and various experiments were made to test the ability of the material
to root. Cuttings rooted most satisfactorily after dipping the tips into Hormo
din No.2 powder (0.3% IBA in talc) and placing them in vermiculite in a lath
house. Rooting occurred within 6 weeks to 2 months (Figure 3). The lathhouse
conditions provided relatively low humidity and cool day and night temperatures.

Rooted cuttings transferred to soil in pots grow very poorly under the nor
mal glasshouse conditions (27° C or more daytime-ISO C or more at night).
Such cuttings often sit for months without §rowing. The plant on the right in
Figure 4 was placed in a refrigerator at 5 C for 14 days and then returned to
the glasshouse. The photograph was taken about 14 days after removal from
the refrigerator. Since other plants had dormancy broken when grown in a lath
house with night temperatures of about 13° C, the chilling requirement for g.
spinosa may not be great but it is real. This requirement as yet has not been
accurately determined. Soil temperature may be more critical to the growth
of g. spinosa than a chilling requirement. Seedlings were exposed to different
root temperatures for 60 days. G. spinosa seedlings grew much better at a
low soil temperature (16° C) than at higher temperatures (21 and 2So C) (Figure
5).

The dormancy of g. spinosa also was broken by gibberellin (Figure 6). An
application of 1. 75 mg gibberellin to a single plant in one gallon of soil broke
the dormancy. Increased growth, however, resulted from 7.0 and 35.0 mg ap
plications. The treatments were effective for about 3 months although there
was some carry-over effect into a second year. Gibberellins are involved in
some kinds of dormancy (Vegis, 1964). The dormancy of G. spinosa is obvi
ously regulated by the production of a growth substance in the roots which in
turn is regulated by soil temperature.

g. spinosa is among the first of the shrub species to resume growth follow
ing winter dormancy. New flush growth generally is evident on g. spinosa in
February at our lower elevation study sites. Its regulatory mechanisms per
mit it to complete a life cycle before soil moisture is exhausted. This shrub
species gives marked growth response to supplementary irrigation following a
winter season of relatively low rainfall (Figures 7 and 8). The size of leaf,
number and size of new shoots, flowering and fruit set is very much dependent
upon the amount of available soil moisture.

The mineral composition of g. spinosa from field study sites is given in
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Figure 7. (left) Growth of Q. spinosa shrub in area receiving 9 cm
rainfall per year. Photos taken 10 June 1970.

Figure 8. (right) Growth of G. soinosa in area receiving an addi
tional 15 cm of supplemental sprinkler irrigation.

Table 1. As mentioned above it tends to have high potassium contents and low
sodium contents. Zinc and copper contents tend to be low. Mineral composi
tion ofyoung plants grown in Yolo loam at different soil temperatures (Figure 5)
in the glasshouse is given in Table 2. Phosphorus, zinc, and copper contents
were higher than for mature plants grown in the field. Phosphorus, sodium
and potassium increased with temperature, while calcium, magnesium, iron,
manganese, boron, aluminum, titanium, molybdenum, cobalt, nickel, stron
tium, and boron decreased with increasing temperature. This is different in
many cases from other plant species, but the effect of soil temperatures on
growth may explain much of the difference.

Atrazine applied at a level of 11 kg per hectare killed the Q. soinosa on
treated plots at the Nevada Test Site.

Gamma irradiation of 5 to 7 kR from a 60Co source killed Q. spinosa cut
tings. This species is relatively resistant to radiation compared to some
other cold desert shrub species (i. e. Artemisia, ~hedra, Juniperus, species)
but it is quite sensitive when compared to some of the warm desert species
(Atriplex, Larrea, Yucca species).

Summary

Grayia spinosa is a widely distributed dioecious shrub, but adapted to rel
atively low soil temperature conditions. It has a pronounced dormancy which
can be broken b~ chilling or by soil application of gibberellin. Soil tempera
ture of about 18 C is required for its optimum growth. Higher soil tempera
ture hastens dormancy. Its field growth occurs in early spring and dormancy
occurs rather early. Dormancy appeared to be regulated by a root-produced
growth substance. Seeds germinate readily. Seedlings can become established
and new shoots can attain the height of old shrubs in one season with adequate
moisture. Rooted cuttings can be made fromQ. spinosa if treated with IBA in
talc and kept in a lathhouse for rooting. Leaves of the species are very high in
potassium and low in sodium. Mineral composition is greatly related to soil
temperature. This species gives marked growth response to supplementary
irrigation but only if soil temperature is favorable.



CHARACTERISTICS OF LARREA DIVARICATA (CREOSOTE BUSH)

Larrea divaricata Cav. (creosote bush) is a dominant shrub species in the
deserts of the southwestern United States, occupying somewhere between 20
and 35 million acres (Shreve, 1951). It is also prominent in deserts of Central
and South America. This shrub has been spreading rapidly in recent decades
(Buffington and Herbel, 1965; Yang, 1961). It is the subject of several recent
studies (Barbour, 1968, 1969; Chew and Chew, 1965; Woodell et al., 1969).
Some observations concerning its characteristics in the transition zone be
tween the Great Basin and Mojave Deserts are described here. Field study
areas are located at the Nevada Test Site in southern Nye County, Nevada.
Laboratory studies also have been made on this shrub in glasshouse and con
trolled environment facilities.

Description

The nomenclature for L. divaricata is based on the assumption that the
species at the Nevada TestSite is similar to that of Ldivaricata in South A
merica. Although controversy in nomenclature stillexists, L. tridentata of
the southwest deserts is thought by some experts to be the same species.
Shreve and Wiggins (1964) describe Larrea Cav.:

Strong-scented evergreen shrub'S with several to many brittle, strong
ly nodose, slender branches from a branching root crown. Leaves
opposite, of 2 leaflets connate at base, sessile or short-petiolate.
Stipules small, persistent. Flowers solitary, axillary. Sepals 5,
imbricate, woolly :mtside, caducous. Petals 5, yellow, obovate to
spatulate, hypogynous. Stamens 10, each adnate basally to outside
of a membranous, 2-toothed or 2-cleft, sometimes laciniate scale
nearly as long as filament. Ovary short-stipitate, 5-celled, globose
to ovoid, pilose, each cell 5-6-ovuled. Stigmas 5. Fruit globose to
ovoid, 5-angled, separating into 5, indehiscent, I-seeded carpels.

1. divaricata has been the subject of some early studies. In 1904 and in
1909 Spalding reported some of its essential characteristics. He suggested
that it does not grow where water persists for a long period of time, that it is
both deep and wide rooted, that it is extremely drought resistant and that a
varnish on the leaves contributes to its drought resistance. Duisberg (1952)
described this leaf resin in more detail. Spalding (1904) reported that the
leaves themselves will take up water from the atmosphere and that the plants
decrease their leaf surface by some leaf abscission during a period of extreme
drought. Runyon (1934) reported that L. divaricata leaves survive even if
dried below 50% moisture. He also reported that naked buds and partially ex
panded leaves are drought resistant.

Shreve and Wiggins (1964) reported that L. divaricata grows on deep allu
vial soils, on the edges of alkaline flats, on rocky slopes of volcanic hills, but
rarely on granitic slopes or soils. Livingston (1910) suggested that oxygen
deficiency may keep this shrub from developing in dense, moist soils. It
grows on caliche soils (Dalton, 1962; Shreve and Mallery, 1933). Shreve and
Wiggins (1964) also reported that it is extremely drought resistant, more so
than most other plants, but that it readily responds to water and is adapted to
a wide range of climatic conditions. Spalding (1904) found that its transpira
tion rate was increased 8-9 times when irrigated and suggested that it was not
a true xerophyte-rather a mesophyte. Ashby (1932) suggested the same thing.

115



116 DESERT PLANT ECOLOGY

Leaves abscise during drought, but some always remain. Ferguson (1950)
reported that severe drought can kill L. divaricata. Strain and Chase (1966)
suggested that, in addition to droppingsome leaves during drought and main
taining fewer leaves, the adaptation of 1. divaricata to hot temperatures may
be related to its ability to successfully carryon photosynthesis after high tem
perature acclimation.

Observations

Shreve and Hinckley (1937) suggest that L. divaricata attains an age well
in excess of 100 years as observed here (Figure 1). Matl!re plants have a
number of slender branches growing from the crown of th'e root (Figure 2). In
time the root crown may break apart to form individual plants utilizing seg
ments of the original root system. These segmental plants may in turn live
as long as the original parent did before segmenting occurred (Figure 3). Age
can be roughly estimated from growth rings in root crowns (Figure 5) which
may become 20-30 cm thick. Flowers are borne near the ends of the youngest
shoots and appear following winter rains. Although not in great number, flow
ers appeared following an August rain in 1967 at the Nevada Test Site and many
of them set and matured seed. Fruits reach maturity in six to eight weeks,
and the hairy covered seeds are widely disseminated.

1. divaricata seeds germinate readily in vermiculite in the glasshouse
without special precaution. There are temperature and water limits, however
(Went and Westergaard, 1949). Seed germinate sufficiently often in the desert
to maintain the species, but survival of the new seedling is a rare event ex-

Figure 1. Old L. divaricata shrub in the Rock Valley area of the
Nevada Test Site. Note large crown with large amounts of dead
wood. This individual shrub is probably well over 100 years old
according to growth rings.



Figure 2. 1. divaricata plant
showing nature of branch
growth from crown of root.
Note that very young as well as
intermediate aged shoots are
present with the older shoots.

cept when the proper sequence of rainfall occurs. Shreve and Wiggins (1964)
reported that seed germinate in July or August if moisture is available, but
that the number of seedlings is few among old stands. Shellhorn (1955) ger
minated 1. divaricata at 37° C. Dalton (1962) reported 35° C as the optimum
temperature for germination. Went and Westergaard (1949) reported that
seed germinated at 15-16°C following rain, but not at 8-100 C. On cleared or
cultivated land they found that the number of seedlings was high and that they
grew densely until 60-80 cm tall when some individuals repressed others until
the final mature stand was approximately like that which naturally occurred.

L. divaricata are fragrant plants and the leaves excrete a terpene which
may be in part responsible for desert haze when oxidized by sunlight (Rasmus
sen and Went, 1965).

The northern limit for L. divaricata is in southern Nevada and southwest
ern Utah (Shreve and Wiggins, 1964). In this area it follows a contour of about
1200 meters. It is limited by frost. Shreve (1940) reported that 6 consecu
tive freezing days can kill it, but this is not always the case. It grows at 2600
meters near Mexico City and below sea level in Death Valley. In southern Ne
vada, 1. divaricata communities are well developed on lower bajadas up to
about 1400 meters elevation and they extend up to about 1700 meters on arid,
south-facing slopes. Isolated stands may be found as high as 2000 meters
(Bradley and Deacon, 1965).

L. divaricata dominates much of the south part of the Nevada Test Site,
but conditions for its growth are marginal there. Rainfall is low (10-12 cm
annual mean) and extremely irregular. The ecosystems containing 1. divari
cata appear to be old and stable. The number of L. divaricata per hectare in
Arizona varied from about 500 to 1000, and Chewand Chew (1965) suggested
1000 for the stable state. The Rock Valley area of the Nevada Test Site has
about the same number. Except for a wash in which an artificial stream
flowed for several years and along roadways, there is little evidence of new
permanent reseeding (Figure 4). Seedlings have been observed to germinate
under natural conditions with sufficient rainfall but evidently very few survive.

The life of a 1. divaricata shrub is suspected of being around 100 years
(Chew and Chew, 1965; Shreve, 1951). The 1. divaricata root crowns in cross
section (Figure 5) illustrate the growth ring structure of an individual plant of
about 80 rings before segmenting and a plant that had begun to segment. The
1965-1966 rains (up to 25 cm) in some sections of the Nevada Test Site appar
ently resulted in no new surviving seedlings in the Rock Valley area, but there
were some in the Frenchman Flat area. Overhead sprinkler irrigation at a
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Figure 3. Root crown of 1. divaricata that had segmented into in
dividual plants utilizing segments of the original root system.
When removed from the field these segments were separated by 5
to 10 cm of soil that had worked between them. This composite
photo shows how nearly these segments still fit together even after
the lapse of many decades.

study site near Mercury, Nevada, resulted in the establishment of new seed
lings in 1968-69 and 1969-70 with monthly additions of moisture (3-5 cm) from
April through September. Seedling survival is probably a precarious matter
as suggested by Barbour (1969). A succession of favorable climatic events
seems necessary and these are in low probability. New seedlings can become
deep rooted rapidly. Seedlings in the glasshouse have grown to depths of 100
cm at a rate of 2-3 cm a day with seedlings only 2-3 cm tall (Figure 6); ob
viously this is a remarkable survival characteristic. Even so, the majority
of new seedlings in the desert evidently do not survive.

Age classes are more evident in some stands than others in Nevada.
Plants in a plot 25 m in diameter near Lathrop Wells, for example, varied in
the dimension, height and width by a factor of over ten. The number of plants
on this basis for various classes of volume were 6 less than 0.10 m3

, 16 be
tween 0.10 and 0.30 m3

, 18 between 0.30 and 0.50 m3
, and 5 over 0.50 m3

•

This indicates a fairly continuous age structure.

Excess water as well as drought can kill new seedlings. Continuous water



Figure 4. 1. divaricata reseeds along highways and the old ones
grow better because of fewer limiting factors.

in a stream bed for 90 days killed the shoots of new seedlings that had grown
there because of some intermittent water flow about two years earlier. The
roots of many plants that supposedly were dead, however, sprouted new shoots.
Response to standing water may be one reason why 1. divaricata does not
grow near the playas in southern Nevada. Playas of closed drainage basins
have a typical 1. divaricata ecotonal line above the playa (see page 258). The
occurrence of fine or dispersed clay particles in the root zone, lack of soil aera
tion' and the presence of salinity all may contribute to the failure of L. divar
icata to grow near the playas, although the species is reported to have a Wide
range of tolerance. 1. divaricata has been observed to grow adventitious
shoots from cut root pieces in the field (Figure 8). Vegetative growth from
roots may be a major means of reproduction. It also grows from injured
crowns and has apical dominance.

The growth of 1. divaricata is generally quite scrubby in the Nevada Test
Site area compared to its growth in many areas of the southwest deserts. A
long highways the shrubs are usually much larger than those a few meters off
the highways (Figure 4). Less competition for water and possibly for nutrients
can be suspected as causes for the improved growth. The flow of water in a
wash for several years greatly improved L. divaricata growth. The water
contained a small amount of nitrogen (about 5 mg/liter) and 1. divaricata fo
liage in the wash contained over 20% more nitrogen than the poorly growing
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Figure 5. Growth rings in a L. divaricata plant from the Rock Val
ley area of the Nevada Test Site. Crown A has more than 100 rings
plus several supplementary ring structures of crown-sprouted
shoots. Crown B has over 80 growth rings.

shrubs above the wash (2.1 vs 1. 6% N of dry wt). Almost exactly the same
condition in nitrogen content was observed for shrubs grOWing near a highway
and for those grOWing off the highway (2.0 vs 1. 6%N).

The biomass production of L. divaricata in Arizona was reported to be a
bout 1000 kg dry weight per hectare per year. The 1. divaricata population had a
standing biomass of about 3400 kg per hectare (Chew and Chew, 1965). At our
study sites where L. divaricata is a codominant species, the annual productiv
ityand standing biomass varies from 1/10 to 1/4 of that observed in southern
Arizona. Dominant stands of L. divaricata fare much better, but the produc
tivity and biomass levels reported by Chew and Chew are found only in local
ized areas where ideal edaphic conditions prevail. In areas where 1. divari
cata is present at the Nevada Test Site it prOVides up to 50% of the canopy cov
erage of the approximately 12% of cover (Beatley, 1965).

L. divaricata nearly always grows in association with other shrubs at the
Nevada Test Site. Beatley (1965, 1969) has described six major associations
with 1. divaricata. An example of its codominance at the Rock Valley study
site is shown in Table 1; Larrea- Franseria dumosa is the most common asso
ciation (Beatley, 1965, 1969). L. divaricata reaches its highest elevation at
the Nevada Test Site at about 1500 meters (Beatley, 1965, 1969). This is



LARREA DIVARICATA

Figure 6. Root growth of two
two-month-old L. divaricata
seedlings. The roots elongated
from 2 to 3 cm per day.
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lower than in the Sonoron Desert (Shreve and Wiggins, 1964). It becomes asso
ciated with Coleogyne at about 1300 meters (Beatley, 1965, 1969).

Table 1. Relative abundance of shrub species in Rock Valley, Nevada
Test Site (a transitional area between Mojave and Great
Basin Deserts).

Species Relative frequency in two
study plots at Rock Valley*

A B
%

Larrea divaricata
Lycium andersonii
Lycium pallidum
Franseria dumosa
Grayia spinosa
Coleogyne ramosissima
Eurotia lanata
Krameriaparvifolia
Ephedra nevadensis

20.6
18.5
10.9
18.5
4.4
4.4
3.3
4.4

14.1

22.0
25.2

0.0
16.8
2.1
1.5
1.5

22.0
9.5

*Average number of plants per hectare of all species was 5586 and
4272 for plots A and B respectively.

Data collected by William Martin. (See page 396. )
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1. divaricata has an evergreen habit. New leaves are produced in the
spring and in the summer following rains. They develop in old leaf nodes.
They abscise more or less continuously, but especially during drought. The
guard cells are reported as not capable of opening (Warskow, 1965).

The root systems are not always deep but they can occupy the soil that is
available depending upon the density of shrubs (Figure 8).

L. divaricata provides food for animals. It is host for a number of in
sects-: Jackrabbits at the Nevada Test Site clip off one-year-old stems during
the winter months when there is little or no herbaceous vegetation. Jaeger
(1948) reported that rabbits clip off L. divaricata stems to sharpen their inci
sor teeth. They rather seem to eat 'these tender stems but discard all the
leaves and that part of the stem which is still green colored (Figure 9).
Leaves and the green colored stem are bitter. Jackrabbits are known to feed
on shrubs (Chew and Chew, 1965).

Figure 7. Adventitious shoot growth from root of 1. divaricata
which was severed by a trench cut. Note that the new growth is on
the root piece not connected with the main plant. Such shoots readily
develop on this species.



Figure 8. Part of the root system of 3 different L. divaricata shrubs
excavated in the west Jackass Flats area. Note the lateral habit,
the depth of which corresponds closely with the depth of penetrating
moisture. This lateral branching makes possible the use of water
supplies in the soil, even where soil is not covered with shrUbs.

Figure 9. 1. divaricata shoots
have been clipped off by jackrab
bits and the green leaves left on
the ground beside the plants.
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Experimental Results

The mineral composition of L. divaricata from the Nevada Test Site was
determined from samples collected in the field in 1969 (Table 2). Several im
portant conclusions emerge from the data. The leaves are low in sodium,
zinc, copper and relatively low in phosphorus. They are moderately high in
calcium and silicon. The magnesium, potassium, and boron contents are
equal to those of other plants. The resistance of L. divaricata to sodium ac-
cumulation is illustrated in Table 3. -

Table 2. Mineral composition of 1. divaricata leaves of plants grown
at the Nevada Test Site.

Location P Na K Ca Mg Si

%of dry weight

Frenchman Flat .31 .10 3.43 1. 55 .46 .50
Area 410 .25 .04 2.44 1. 36 .19 .24
Mercury Valley .14 .05 1. 96 1. 69 .27 .23
Rock Valley .21 .05 2.37 1.46 .23 .23
Frenchman Flat B .18 .06 2.18 1. 80 .32 .31
Near Sedan Crater .28 .05 1. 90 1. 81 .19 .29

Zn Cu Fe Mn B Al Ti Mo Co Ni Sr Ba

ppm of dry weight

Frenchman >10 1.3 497 73 85 875 135 1.5 .6 1.8 80 46
Flat

Area 410 >10 1.5 252 28 107 431 46 1.3 .5 1.2 69 14

Mercury >10 1.9 244 39 114 445 40 1.1 .5 1.0 105 23
Valley

Rock >10 3.0 291 37 68 429 19 0.5 .5 .8 84 22
Valley

Frenchman >10 1.0 327 54 190 639 84 1.8 .5 1.2 86 14
Flat B

Near Sedan >10 2.0 322 40 142 569 58 2.1 .5 1.5 66 13
Crater

Table 3. Effect of varying levels of Na2S04 on sodium content of 1.
divaricata plants in solution culture.

Plant Treatment mell Na2S04
Part 0 30 90

%of dry weight

Leaves 0.08 0.30 0.57
Stems 0.09 0.33 0.29
Roots 0.10 0.39 0.50

Means of determinations for 3 plants.



Larrea divaricata

Figure 10 a and b. 1. divaricata seedlings grown in two different
experiments in temperature tanks for 60 days to control root tem
perature.

Distribution of 1. divaricata at different elevations may be at least in
part explained by its response to soil temperature. At higher elevations it
grows in protected places and on south-facing slopes. L. divaricata seedlings
do not flourish with a cool soil temperature (Figures 10-a and b). In fact water
sensitiVity of L. divaricata seems to increase with a decrease of soil temper
ature. The sotl in the test was Yolo loam; the growth period was 60 and 90
days. Yield and mineral content of some of these plants are in Table 4. Zinc
and copper contents. when grown in this soil were much higher than in those
grown in the field. Copper and molybdenum increased with temperature, but
some elements decreased with temperature because of increased growth of
plants (potassium and calcium).

Table 4. Yields and mineral composition of 1. diyaricata shoots
grown in Yolo loam at different soil temperatures.

°c Dry P Na K Ca Mg Zn Cu Fe Mn B Mo Sr Ba
wt
per %of dry weight ppm of dry weight

plant
(mg)

First experiment

10 30 .72
21 285 .72 .17 2.90 2.01 .36 70 46 296 296 205 7.8 56 83
37 675 .71 .16 2.58 .81 .24 125 50 507 180 95 5.5 31 68

Second experiment

16 2M .54 .11 4.71 2.58 .45 39 11 201 64 78 3.8 85 123
21 380 .56 .10 3.68 2.70 .36 28 13 297 67 75 3.2 83 93
28 2400 .48 .06 3.07 2.06 .39 39 17 207 50 136 6.0 62 85
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~
HACIENDA NYE CA PI YIJNLarrea diVaricata

Figure 11. Growth of 1. divaricata seedlings in soils of varying
pH, CaC03, and salt contents. Aiken is acid, Hacienda is cal
careous, and Nye Canyon is saline.

L. divaricata seems to have a wide tolerance for soil pH differences. It
is native to calcareous deserts, however (Waterfall, 1946). Seedlings grew
almost as well in Aiken soil of pH 6 as in highly calcareous soils (Figure 11).
Dry matter production was slightly decreased by acidification with 2% sulfur
of Yolo loam (Tabl,e 5). Addition of CaC03 slightly increased dry matter pro
duction. Micronutrient contents were related to soil pH. Zinc contents and,
to a lesser extent, copper of plants grown in the CaC03 treated soil were very
low like at"the Nevada Test Site (Table 2), but they increased greatly with de
crease in soil pH. Iron as well as molybdenum contents decreased with pH.
The manganese content increased greatly at the low pH.

Table 5. Shoot yields and mineral composition on the dry weight
basis of leaves of 1. divaricata grown in Yolo loam soil
with and without excess CaC03 and sulfur.

Measurement CaC03 Control Sulfur
(pH 7.5) (pH 6.0) (pH 4.2)

Leaf wt, g/plant 6.23 5.43 4.52
Stem wt, g/plant 2.01 2.19 2.13
Ca, % 1.16 0.89 0.83
K, % 2.90 2.28 2.49
Mg, % 0.27 0.24 0.31
Na, % 0.14 0.11 0.09
P, % 0.46 0.33 0.38
B, ppm 70 56 80
Cu, ppm 18 31 66
Fe, ppm 205 204 144
Mn, ppm 66 28 240
Co, ppm + 1.1 1.0
Mo, ppm 10.2 1.4 1.2
Zn, ppm 4 32 63

Means of determinations from 3 plants.
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1;. divaricata leaves may absorb water vapor (Spalding, 1904). Tests
here indicate that leaves maintained at 100% humidity did absorb some water
vapor. The seasonal water content of L. divaricata leaves varies greatly
(Table 6). Leaf water content was decreased in cold weather and with dry soil;
irrigation increased it. The relative photosynthetic rate at different leaf
moisture levels is as yet unknown, but leaves remain living at very low water
levels.

Table 6. Seasonal water contents of L. divaricata shoot tips from the
Nevada Test Site. -

Month

December
July
September

Non-irrigated
plot

% water

31. 5-37.1
43
31-37

Irrigated
plot

46.7
54
47-54

Table 7. Response of L. divaricata to varying degrees of pruning
(pruned March 15, 1967-measured January 6, 1968).

Degree of
pruning

None
Moderate
Severe

Length of new
shoot growth

em

2-5
8-10

20-30

L. divaricata in the stream bed was in new flush in February-March 1968
and was injured by a freeze of about -10°C. Newgrowthwassimilarlyfrozenin
1969.

Figure 12. (left) 1.. divaricata shrub completely defoliated by prun
ing on March 14, 1967.

Figure 13. (right) Same shrub shown in Figure 12 in August 1967
after shrub had started to respond to summer rains.
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Pruning greatly stimulated the growth of 1. divaricata (Table 7). On
March 15, 1967, several L. divaricata shrubs were subjected to various de
grees of pruning (Figures12, 13). The new growth was inversely proportional
to the severity of pruning. On the other hand, the amount of flowering was in
versely related to the new growth. Severely pruned plants did not flower in
1967; moderately pruned ones had only about half as many flowers per unit
shoot as did nonpruned plants. All flowered in 1968 and thereafter.

The thinning out of ~. divaricata seedlings has been studied in a 90 x 45 x
45 cm container of soil in which 30 seedlings were transplanted in 1967.
Twelve months later only 15 plants remained and of these only 5 were large.
The other 10 were being shaded out by the larger ones. Chemical toxicity did
not seem to be involved.

Chase and Strain (1966) were unable to get rooted cuttings of 1. divaricata.
In studies here, stem cuttings taken from mature shoots did not root, but
those taken from some 1- to 1. 5-year-old seedlings did root (Figure 14). The
technique involved use of Hormodin 3 (0.8% lEA in talc). Tips 15-30 cm long
were dipped in Hormodin 3 and placed in flats of vermiculite or soil in a mist
house. Rooting occurred in about 1 month, but was variable; and cuttings
from some seedlings rooted much better than those from others. Cuttings
rooted better in soil than in vermiculite.

1. divaricata is fairly resistant to gamma radiation. In the spring of 1967,
~. divaricata seedlings were irradiated with 0, 25, 50, 75, 100, 150, 200, and
300 kR in a single exposure with a 60Co source for each plant. The roots were
protected with lead bricks (5 cm). In about 2 months the plants exposed to the
300 kR level started to die and this progressed down to the 25 kR level within
3 months after irradiation. Shoots of seedlings exposed to 25 kR were dead,
but new shoot growth emerged from the root bases (Figure 15). 1. divaricata
is definitely more resistantlto ionizing radiation than are some other plant spe
cies. Its nuclear and interphase chromosome volumes (Sparrow et al., 1968)
are intermediate to those of other plant species, and its resistance does seem
to be related to these factors. Some radioecological implications of 1. divar
icata have been reported by Rickard (1963).

Figure 14. Rooted~. divaricata cuttings.

}



Larrea divaricata

Figure 15. Response of 1. divaricata to ionizing irradiation.
New shoot growth is emerging from the crown of the shielded
root. Root of plant on right was exposed to 25 kR.

Seedlings and rooted cuttings of 1. divaricata did not flower in the glass
house until they were about 2-years old; mature seed was produced the third
year. Individuals irradiated with 28, 32, and 36 kR of gamma radiation 10
months previously tended to flower more than those not irradiated. A night
temperature of about 26° C was necessary for flowering of 1. divaricata under
some conditions. Flowering in the glasshouse occurred earlier in the spring
for a wide-leaf clone than for a narrow-leaf clone. The data of Chew and Chew
(1965) indicate that, even in seasons of favorable rainfall in southern Arizona,
no seeds are borne by plants younger than 13 years.

As elsewhere in North America (Yang, 1967a, 1967b, 1968), 1. divari
cata is present in the Nevada Test Site as two major ecotypes (Figure 16) with
considerable variation due to cross breeding. Yang(1967a, 1967b) reported
that the slender leaf form has more tolerance for low temperature and less
tolerance for low moisture than the wider-leaf form (Yang, 1967a, 1967b). He
suggested that the slender-leaf form occurs in the Sonoran Desert, that the
broad-leaf form occurs in the Chihuahuan Desert, and that both occur in the
Mojave Desert. The two have different chromosome counts, 26 and 52 for nar
row and wide ,respectively (Yang, 1967a, 1967b, 1968). A South American rel-



Figure 16. Two ecotypes of 1. divaricata.

Figure 17. .L.. nitens, a South American relative.
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ative, Larrea nitens (Figure 17), germinated readily and was successfully
grown in the glasshouse. Grafting compatibility has been demonstrated be
tween this species and 1. divaricata from the Nevada Test Site.

Data for mineral composition of 1. divaricata leaves and stems on a sea
sonal basis are in Table 8. Because leaves are on this species continually,
and since there often is new growth response to summer rains the materials
sampled may not always reflect increasing age of leaves. This may be the rea
son for the decrease and increase with season in phosphorus content in contrast
for example to Franseria dumosa (see page 160). In fact leaf and stem tissue
of 1. divaricata were quite resistant to change in composition with season for
most of the mineral elements. Boron in leaves, to a certain extent, was an
exception in that it showed the aging process with progressive increases in
content.

Summary

Larrea divaricata is the most common shrub on a large portion of the Ne
vada Test Site. It is extremely drought resistant and well adapted for survival
in the desert, reaching ages probably of well over 100 years. Shoots continu
ally die and new ones arise from the crown. Leaves are functional at relative
ly low water contents. Germination of seed occurs under relatively warm and
moist conditions, but survival is rare. Rapid depth of rooting is one of its
survival mechanisms. It branches laterally and occupies much of the soil not
covered by other shrubs. It responds to summer rains and may set seed a
second time in one year. Limiting factors for its growth under natural condi
tions include water and mineral nitrogen. Good soil aeration is necessary and
it does not spread into areas where water stands for periods of time. It is
widely spaced but is in clumps with other species and does not seem to compete
with itself by chemical means. Spacing can be random, clumped, or regular.
Being a hot desert species, it prefers warm to hot soil; but is not completely
dormant during the winter season when air temperatures drop below freezing.
It can be injured by frost but can recover. It is adapted to a Wide range of
soil pH even though it is native to calcareous areas high in pH and seems to
prefer calcareous soil. Its mineral analysis revealed that it is low in zinc
and copper when grown in calcareous soil. It tends to exclude sodium and tol
erates little of it. It responds vigorously to severe pruning, but in the first
season flowering was decreased by pruning. Ecotypes contribute to its vari
ability. Rooted cuttings were made from one-year-old seedlings, but not from
much older plants. Adventitious shoots grow from old severed roots. One
year-old 1. divaricata wood is used for food by jackrabbits. 1. divaricata is
more resistant to ionizing radiation than are many other species.

Postscript: In his "Supplement of a California Flora, " 1968, Munz gives
the following nomenclature for the shrub referred to as 1. divaricata:

L. tridentata Sesse & Mocino for N. Am. plants according to Porter
(Contr. Gray Herb. 192: 110-113. 1963). Lft.-veins usually dark, not
lined with hairs (lined with white hairs 1 - 2 mm long in S. Am.); lfts.
obliquely lanceolate to falcate (not obovate to elliptic); stipules obovate,
acute to short-acuminate, 1 - 4 mm long, free from stem (not broadly
ovate, rounded to obtuse at apex, 1 - 2 mm long, clasping the stem).



CHARACTERISTICS OF LYCIUM SPECIES

Three species of Lycium grow at the Nevada Test Site. Two of these,
Lycium pallidum Miers (Figure 1) and Lycium shockleyi Gray (Figure 2) are
confined mostly to specific locations; 1. pallidum is found in Rock Valley and
parts of Jackass Flats and Frenchman Flat, while 1. shockleyi is found only
in the southeast portion of Frenchman Flat (Beatley, 1965, 1969). Lycium
andersonii Gray (Figure 3) is more widely distributed. Figure 4 compares
leaf forms of the 3 species. Lycium occurs in association with other species.
According to Beatley (1965, 1967, 1969) the most common association, per
haps, is Larrea-Grayia-1. andersonii occurring in areas in Mercury Valley,
Jackass Flats, Frenchman Flat, and Yucca Flat drainage basins. Another
major association is Larrea-1. pallidum-Grayia in south Jackass Flats, Rock
Valley, west Mercury Valley, and southwest Frenchman Flat. Other associa
tions are Larrea-Atriplex-1. shockleyi on the bajadas above southern French
man Flat extending to Ranger Mountain, Grayia-1. andersonii in the Yucca
Flat basin, 1. pallidum- Grayia in the southwest part of Frenchman Flat, and
some Coleogyne-b. andersonii in areas between 1300 and 1600 m elevation in
these basins. Beatley suggests that two different species of 1. pallidum may
be present, one being related to volcanic derived soils near Skull Mountain.

The Lycium species can be either dominant or associate species (Beatley,
1965). In the Rock Valley area the relative frequency of 1. c%allidum was a
round 10 and 0% and that of L. andersonii was from 18 to 25 0 (number of total
shrubs of all species per hectare was 5586 and 4272) on two different 9
hectare plots (unpublished data of William Martin).

Figure 1. Lycium pallidum at the Nevada Test Site.
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Figure 2. Lycium shockleyi at the Nevada Test Site.

Description

Shreve and Wiggins (1964) give the following description of Lycium:

Lycium andersonii A. Gray, Proc. Amer. Acad. 7:388, 1868, var.
andersonii. A roundea shrub O. 5 - 3 m tall with spinose rigid branches
and flexuous, light-barked twigs; spines numerous, slender, 5 - 20
mm long; leaves linear to linear-spatulate, 1 - 2 (3.5) mm wide, 3 - 16
mm long, rounded to acute at apex, gradually tapering to base, gla
brous or slightly scurfy; pedicels 3 - 9 mm long, filiform; calyx shal
lowly campanulate, glabrous to sparsely puberulent, 1 - 2.5 mm long,
4 - 5-toothed, teeth about one-fourth as long as tube, sparsely cilio
late; corolla narrowly tubular-funnelform, 10 - 14 mm long, 1. 5 - 3
mm wide at top, sordid-lavender, 4 - 5-lobed, lobes ovate, 1.5 - 2.5
mm long, ciliolate; stamens equaling corolla tube or exserted 2 - 3
mm; filaments adnate to basal one-third of corolla tube, sparsely
pilose on lower part of free portion; style about equaling stamens;
fruit ellipsoid or ovoid, 3 - 8 mm long, 2 - 5 mm Wide, juicy, bright
orange-red at maturity; seeds numerous.

Arid washes and stony or sandy slopes, mostly Lower Sonoran Zone,
Colorado and Mojave Deserts, southern Nevada, and southern Utah to
New Mexico and Arizona south through Sonora and Baja California, to
northern Sinaloa. Also in Cuyama Valley, Santa Barbara County, Cal
ifornia. (Feb. - May)

Lycium pallidum Miers, Ann. Mag. Nat. Rist. II, 14:131, 1854. A
spreading, much-branched, spiny shrub 1 - 2 m tall with glabrous to
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sparsely pubescent, somewhat flexuous branches; bark smooth and lus
trous when young, whitish; spines 5 - 10 mm long, slender; leaves
ovate to oblong-spatulate, 3 - 15 mm wide, 1 - 4 cm long, acute or
somewhat rounded at apex, tapering to a short petiole, glaucous, gla
brous or nearly so; pedicels slender, 6 - 12 mm long; calyx shallowly
campanulate, 5 - 8 mm long, 5-lobed, lobes ovate to lanceolate, acute,
3 - 5 mm long, glabrous and glaucous; corolla tube narrowly funnel
form, 12 - 20 mm long, 5 - 6 mm broad at throat, greenish, tinged
with purple, glabrous, 5 lobes oval to rhombic, 3 - 6 mm long, mar
gins sparsely ciliolate; stamens exserted 3 - 12 mm, filaments adnate
almost to middle of corolla tube, pilose below; style about equaling
stamens; berry bright red, or blue-glaucescent, ovoid, 8 - 10 mm in
diameter, 20 - 50-seeded.

Arid, sandy or rocky soil, Upper Sonoran Zone and higher parts of
Lower Sonoran Zone, northern Arizona, southern Colorado, and west
ern Texas south into Sonora, San Luis Potos{, and Zacatecas; mostly
above the limits of the Sonoran Desert. (April-June)

Hitchcock (1932) gives the following description of 1. shockleyi Gray,
Proc. Amer. Acad. 22:311. 1837, which he refers to as 1. cooperi Gray, Proc.
Amer. Acad. 7:388. 1868.

A stout, spiny, densely branching, heavy shrub O. 7 - 2 m tall;
branches thick and rigid, silver to purplish or tan when old, densely
pubescent when young, spines short, thick, 3 - 10 mm long, blunt;
leaves 3 -.10 in a fascicle, spatulate to obovate-spatulate or oblanceo
late, 1 - 3 cm long, 0.4- 1. 0 cm broad, rounded to truncate at the
apex, attenuate at base, glabrate to densely glandular-pubescent or
hispidulous, midnerve and some of the lateral nerves usually evident;
flowers numerous, 1 - 3 in a fascicle, borne on pedicels which are
about same length as the calyx; calyx bowl-shaped or oblong
campanulate, 8 - 15 mm long, 1/3 - 2/3 as broad, glabrate, or much
more commonly, glandular-hispidulous, lobes (4) 5, triangular to
shortly ovate-Ianceolate, from ~ as long to about the length of the
tube, expanding with the growth of the fruit and at length usually rup
tured; corolla greenish-white with lavender veins, persistent until the
ovary is well developed, tube 8 - 15 mm long, nearly cylindrical,
slightly expanded at top, from densely pubescent to glabrous exteriorly,
lobes (4) 5, 1/5 - 1/4 the length of the tube, ovate-triangular, rotate
or reflexed, margins usually ciliate; stamens (4) 5, about equalling
corolla-tube, or slightly included, filaments equal or subequal, adnate
to near the middle of the corolla-tube, free bases of filaments and the
vascular strands leading to them covered with long, spreading white
hairs, anthers 1 mm long, or slightly longer; style about equalling
stamens, or shorter than they; fruit 5 - 9 mm long, frequently 3
carpellary, ovoid, with a wedge-shaped apex, lateral constriction
present somewhat above middle, forming 2 compartments nearly sep
arated from one another, 1 (2) seeds in upper half, several (5 - 8) in
lower, wall sclerenchymatous, especially in upper half, greenish
yellow.

Distribution: Mohave and Colorado Deserts of California, eastward
to Yuma, Arizona, and northward to Esmeralda County, Nevada, and
southwestern Utah.
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Observations

The Lycium species are winter dormant and leafless in the field during
much of the year at the Nevada Test Site. The leafless condition begins actu
ally in early summer when defoliation coincides with high temperatures and
depletion of soil moisture. However, fruit (berries containing organic acids)
mature before this time. New flush growth of leaves occurs usually in March
but may begin in February depending on the seasonal climatic conditions. New
leaves normally occur on established stems even in dry years, but new shoots
generally are produced only in relatively moist growing seasons.

L. andersonii was in a second new flush in September 1967 following 5 to
10 cm of rain in various locations at the Nevada Test Site in July to September
of that year. This followed a period of late summer dormancy. Occasional
flowers appeared but no fruit was set. This is indicative of no chilling require
ment to break dormancy in this species. 1. pallidum was also in new flush in
September and October of 1967, but less vigorously so than was 1. andersonii;
the new growth also appeared later than that on L. andersonii. It is possible
that a small amount of chilling may improve newgrowth on this species. Rel
atively low soil temperature also is an important factor in the onset of new
growth in 1. pallidum.

A relatively large number of L. andersonii seedlings germinated in the
late summer of 1967 and early spring of 1968 in certain areas of the Nevada
Test Site, probably as the result of the 1967 summer rains. Germination oc
curred either in existing shrub clumps or out in open areas between shrub
clumps. Shrub species that germinate in response to late summer rains in ef
fect give them ten months without drought difficulty (Went, 1953). If germina
tion occurs with winter and spring rains, summer drought may kill most of
such seedlings because of relatively small undeveloped root systems. By ger
minating late in the year the new seedlings have the advantage of both winter
and spring rains. Sufficient summer rain for germination may be available
only in a very few years. Adaptive mechanisms to achieve summer germina
tion also would need to include a fairly high temperature requirement for ger
mination.

Jackrabbits cut off and eat woody portions of recently matured shoots as
they do with other species.

Crowns of the Lycium may break up into several individual plants as shrubs
advance in age. Adventitious shoots form readily on broken roots of 1. ander
sonii (Figure 5). They actually formed on roots that were exposed to air without
other injury when water washed the soil away from the root system. This root
sprouting undoubtedly is a major means of reestablishment of the species.
They behave this way too when grown in solution culture in the glasshouse.

Experimental Results

Mineral composition of leaves of field-grown plants is given in Table 1.
These three species differed in their sodium, potassium, and calcium contents
which were, respectively, for 1. andersonii, pallidum, and shockleyi approxi
mately (Na) 0.2, 2, and 4; (K) 6, 4, and 3; and (Ca) 5, 4, and 2 as per cent of
dry weight. These are relatively high cation contents. 1. andersonii, the
species lowest in sodium, was also highest in potassium and calcium. Zinc
and copper contents were very low in these species.

No seedlings of 1. andersonii germinated in the glasshouse from seed col
lections made in 1966 and 1967, and only 4 seedlings of 1. pallidum germinated.
On the other hand seed collections of both species made in 1968 and 1969 ger-



Figure 3. (left) Lycium andersonii at the Nevada Test Site.

Figure 4. Leaf forms of Lycium species growing at the
Nevada Test Site (from left), 1. shockleyi, 1. oallidum, and
1. andersonii.



Figure 5. (top left) Adventitious shoots formed on L. andersonii roots
which had been cut and exposed 2 years earlier by a trenching operation.

Figure 6. (top right) 1,. andersonii rooted cutting.

Figure 7. (bottom left) One-meter shoot on a 1,. andersonii cutting in
the glasshouse in Yolo loam soil. The growth was a continuous flush.

Figure 8. (bottom right) Root system of 1,. andersonii cutting in so
lution culture in the glasshouse.
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minated readily in vermiculite without special treatment. Insect damage to
seeds was evident in 1966 and in 1967, and this may be a far more important
factor than the original seed viability or environmental conditions needed to
break seed dormancy. 1. shockleyi seeds collected in 1969 also germinated
readily with no special treatment.

Cuttings of 1. andersonii rooted readily (Figure 6). No special kind of
plant material seemed necessary. Shoot pieces were dipped into Hormodin No.
2 powder (0.3% IBA in talc) and then they were placed into vermiculite in flats
which were kept in a mist house until the stem pieces rooted. A large number
of cuttings were made for various experiments. Rooted cuttings grow rapidly
under glasshouse conditions. They may grow as much as 100 cm in a single
flush (Figure 7) in contrast to the annual shoot growth in the field which may
be no more than 1 - 5 cm. In solution culture root systems grow to large
sizes (Figure 8). None of our cuttings grown in the glasshouse either in soil
or in solution flowered until the night temperature of the glasshouse was raised
to about 26°C. Fruits were set from this flowering.

1. andersonii plants grown in the glasshouse have much longer and larger
leaves than those normally grown in the field. Glasshouse-grown leaves are
long and flat, while those grown in the field are short and round (compare
Figure 5 and 6). The unusually moist winter and spring growth season of 1969
produced longer, larger and more succulent leaves than normally occur in the
field. This dimorphic leaf habit may explain subspecies description of 1. ~
dersonii. In the glasshouse, leaves abscise continuously and easily. Merely
touching the plant causes some leaves to abscise. It would appear that ease of
leaf abscission is a survival mechanism for this species. A hot dry wind could
and does result in defoliation. One of the difficulties in measuring productivity
of this species in the field is that the wind blows away so much of the foliage.
In spite of ease of leaf abscission, the species is evergreen under the glass
house condition. In the field under irrigation it approaches an evergreen con
dition depending upon the severity of winter.

Figure 9. A. Growth of 1. pallidum seedlings in 60 days in re
lationship to root temperature. B. Growth of L. andersonii at dif-
ferent soil temperatures. -
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tJulfur
(pH 4.2)

Cuttings from seedlings but not from old L. pallidum plants have rooted
with different experimental conditions. Layering of stems from the seedlings
has resulted in very little but in some rooting. Seedlings of 1. pallidum do not
do well in the glasshouse. Either soil or night air temperatures seemed to be
involved. After an initial vigorous growth, the seedlings usually stand without
growing. Placing seedlings in the refrigerator for 17 days at about 5°C didre
sult in subsequent new growth following defoliation from the cold treatment, but
the vigor was short lived. A study of soil temperature indicated that our pro
blem was one of soil temperature being too high. Seedlings in Figure 9 were
grown two months at different soil temperatures. Near 16° C seemed to be the
optimum soil temperature. Leaves of tlie juvenile plants in the glasshouse are
large. It is of interest to note that on a mature plant severely injured by truck
wheels in the field, new shoot growth was a juvenile form like that of the glass
house seedlings.

Growth of L. andersonii appears to be independent of soil temperature
(Figure 9B), but not of soil pH when cuttings were grown for 90 days in Yolo
loam soil that had been amended with 10% CaC03 or with 2% sulfur to give soil
of different pH. Acidification resulted in decreased dry weight and CaC03 did
to a lesser extent. The micronutrient composition was related to soil pH
(Table 2). Boron and molybdenum decreased with decreasing pH as did calci
um. Copper, zinc, and manganese increased with decreasing pH, and their
content was greater than normally occurs for field-grown plants (soil was
highly calcareous in the field). Lithium was high enough to detect in the leaves
of these plants which is different from most other plants studied from the Ne
vada Test Site. Strontium values were also higher than for some other species,
and this in part may be due to high calcium contents.

Table 2. Shoot yields and mineral composition on the dry weight basis
of leaves of 1. andersonii grown in Yolo loam soil with and
without excess CaC03 and sulfur.

Measurement CaC03 Control
(pH 7.5) (pH 6.0)

Leaf wt, g/plant 1. 89
Stem wt, g/plant 6. 18
Ca, % 2.24
K, % 6.66
Mg, % .60
Na, % >.20
P, % .25
B, ppm 61
Cu, ppm 16
Fe, ppm 99
Mn, ppm 103
Co, ppm T
Mo, ppm 25.3
Zn, ppm 15

Means of determinations from 3 plants.

2.48
8.31
1. 83
6.15

.55
>.20

.42
59
18
90

148
T
9.5

15

1. 39
4.11
1. 03
9.70

.56
>.20

.49
33
57

100
534

0.6
3.3

35

Lycium andersonii cuttings previously in soil were bare rooted and grown
in solution culture for 39 days with one solution renewal at 20 days. A full de
scription of treatments is on page 177; similar treatments were used for some
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other plants. The results are in Table 3. The low phosphorus treatment re
sulted in greatly depressed phosphorus content of plants but not in decreased
yields. The species may have a low phosphorus requirement. A level of
phosphorus of O. 12% of dry weight is above the critical level of phosphorus.
The 0.2% of dry weight for field-grown L. andersonii from the Nevada Test
Site (Table 1) must also be above the crlticallevel. A leaf nitrogen level of
1. 58% of dry weight was limiting when grown in solution culture and this com
pares with about 1% for plants in the field. A leaf iron content of 27 ppm of
dry weight was limiting; a leaf potassium content of 1. 14% was limiting; a leaf
magnesium content of 0.13% might have been limiting. The micronutrient con
tents ofthe plants were of great interest and merit further study. Of interest
was the steep gradient in zinc content from leaves to stems to roots.

Growth of 1. pallidum seedlings was more related to soil temperature
than was growth with 1. andersonii (Figure 4). 1. pallidum is dormant during
summer months and responds somewhat to late summer rains, but not as vig
orously as does L. andersonii. The effect is most likely related to soil tem
perature. Mineral composition of the Lycium species grown at different root
temperatures appears in Table 4. Sodium content was slightly lower and po
tassium and calcium were higher for 1. andersonii than for 1. pallidum cor
responding to the field plants (Table 1). Zinc and copper contents were much
higher for these plants grown in slightly acid soil compared with the field ones
grown in highly calcareous soil. Copper and molybdenum contents of both spe
cies increased with temperature; but aluminum, boron, and manganese be-

Table 4. Mineral composition of leaves of 1. andersonii and 1. pallidum
grown 60 days in Yolo loam soil at different root temperatures.

Temp Drywt P Na K Ca Mg Si
°c g % dry weight

1· andersonii

16 3.11 0.91 0.68 6.27 3.95 1.16 0.59
21 3.48 0.34 0.84 6.91 4.60 0.84 0.17
28 3.40 0.26 1.18 6.64 4.67 0.82 0.15

1. pallidum

16 4.30 0.25 2.02 5.18 2.99 1. 48 0.07
21 3.05 0.25 1. 59 5.61 1. 57 0.93 0.06
28 1. 58 0.32 0.79 6.68 2.21 1.17 0.15

Temp.Zn Cu Fe Mn B Al Ti Mo Co Ni Sr Ba Li
°c ppm dry weight

L. andersonii

16 59 9 407 183 77 1540 373 5.9 2.9 11. 3 114 256 17
21 36 26 340 60 95 534 41 10.4 1.3 2.6 118 222 35
28 25 11 293 54 93 448 62 11. 0 2.6 4.3 112 229 93

L. pallidum
16 123 9 195 19 201 152 5 8.2 0.5 1.8 80 108 94
21 56 14 127 125 74 67 3 15.5 0.8 1.4 45 56 133
28 51 47 210 159 81 316 31 24.9 2.2 4.2 68 108 154



Figure 10. (left) Response of L. andersonii to ionizing radiation.
Control, left and 8 kR, right. The root was shielded with 5 cm of
lead and as a result new shoots are growing from the base.

Figure 11. (right) Grafting of 1. pallidum on 1. andersonii.

haved differently for each species. Both species appeared to accumulate lith
ium and the accumulation increased with root temperature.

1. andersonii is much more sensitive to ionizing radiation than are some
other shrub species with which it is associated. It has a high nuclear and so
matic interphase chromosome volume (Nuc. vol. = 466 I.P; rcv = 9.7 Jl3 ).
Shoots died and leaves abscised in 2 to 3 days on rooted cuttings exposed to
more than 4 kR gamma radiation from a 60Co source. When the roots were
protected with lead shielding, new growth developed from the base of shoots
irradiated at levels as high as 100 kR. Figure 10 shows how the dose rate of
8 kR with roots shielded with 5 cm lead resulted in death of original shoots and
new shoots grew from the base of the plant.

Grafting compatibility has been demonstrated between 1. andersonii and
1. pallidum (Figure 11).

Mineral element composition of L. andersonii leaves and stems on a
seasonal basis is given in Table 5. Several of the mineral elements increased
with age of leaves (calcium, magnesium, silicon, iron, boron, aluminum,
molybdenum, and perhaps strontium and barium). Phosphorus and manganese
decreased with age. Stem materials less consistently indicated the aging pro
cess.

Summary

Lycium andersonii, Lycium pallidum, and Lycium shockleyi appear to
have different soil requirements. Lycium species are winter dormant and leaf-
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less because of extremes in soil moisture and soil temperature. Adventitious
shoots form on roots of L. andersonii and cuttings of this species root readily.
Seedlings of 1. andersonii and 1. pallidum germinate readily in the glasshouse
when viable seed is obtained. Cuttings of L. pallidum seedlings have rooted; but
some individual plants have been propagated by layering. Glasshouse-grown
leaves of 1. andersonii and 1. pallidum are much different from those grown
in the field. The ease of leaf drop in L. andersonii mav be a survival mech
anism. Shoots of rooted cuttings of L:- andersonii grow severafTe-et in a single
flush in the glasshouse compared with a few cm in the field. 1. pallidum grows
poorly in the glasshouse unless soil temperature is low, at least initially.
Growth of L. pallidum appears to be dependent upon soil temperature while L.
andersonii does not. The mineral composition of L andersonii is character-=
ized by high calcium and potassium and low sodium and zinc contents. 1· lli!l
lidum and 1. shockleyi have lower calcium and potassium and higher sodium
contents than 1. andersonii. Lycium species appear to accumulate lithium.
1· andersonii appears to have a low phosphorus requirement. 1. andersonii
is highly sensitive to ionizing radiation in relation to other shrub plant species
found at the Nevada Test Site and it has a high nuclear volume. Grafting com
patibility occurs between 1. andersonii and 1. pallidum.



CHARACTERISTICS OF SALSOLA SPECIES

Salsola is considered as a late summer annual. Two separate species of
Salsola seem to be present at the Nevada Test Site. Previously all Salsola

Figures 1&2. Field-grownmature§.. pestifera (top) and§.. paulsenii.



Figure 4. Salsola seeds 38
minutes after wetting.

Figure 3. Salsola pestifera seed upon
adding water.

Figure 5. Salsola
seeds 61 minutes after
wetting.



SALSOLA SPECIES 149

there was considered to be S. kali and some of the sections of this report indi
cate this nomenclature. One, Salsola pestifera (Figure 1), is generally larger,
lessl spiney, more open than the other one, I and Salsola paulsenii is smal
ler, compact, and more thorny (Figure 2) (Beatley, 1969). These two species
eVidently hybridize and the characteristics of §.. pestifera seem to be dominant
on approximately a 3:1 segregating basis. §.. paulsenii appears to occur in
some places in almost pure stands, however.

The tumbleweed, Salsola genus, commonly known as Russian thistle, is
an introduced plant into the United States. As a pest, it causes fire hazards,
obstructs roadS-and streams, and is a host plant for insects and curly-top vi
rus involving many crops. It grows extremely well under semiarid conditions.
It has produced 1500 - 1800 kg per hectare of seed under about 20 cm of rainfall
(Coxworth et al., 1969). In dust bowl days in the U.S.A. Midwest during the
1930's when there was insufficient rainfall for regular crops, farmers har
vested it as a forage crop. It needs only one-third to one-half the water re
quired to produce a dry-matter unit as does alfalfa (Stevens, 1943).

Salsola seeds contain no endosperm. They have a spiral embryo which
contains some chlorophyll in the seed stage. At temperatures above about 11°
C the seeds germinate when in contact with moderately moist soil. Some other
plant species do germinate at lower soil moisture, however (see page 279).

At temperatures above about 28°C the seeds germinate literally in a mat
ter of minutes (Figures 3 - 5), if sufficient moisture is present.

Germination consists of unwinding of the spiral embryo and also of elon
gation of the cells of both the embryo and the root (radicle). The spiral action
of the unwinding embryo forces the root into soil if the soil is loose and pliable
which is often the case when soil has been disturbed. These characteristics
allow successful germination of the seed with a very small amount of water.
Other species are reported to have a similar action which results in survival
(Negbi et al., 1961, 1963).

Tests with sufficient gamma radiation to stop cell division but not enough
to stop germination (Figure 6) suggest that germination is wholly a matter of
rapid cell elongation when sufficient moisture is present at a proper tempera
ture (Wallace et al., 1968). A bimodal response is obtained when seed are ir
radiated and then germinated. Exposure of up to about 60 kR with a 60 Co
source resulted in no apparent effect in germination or growth of the seedlings.
Exposure to between 60 and 400 kR resulted in germination and elongation of
shoots and roots to a certain limit only. Exposures above 500 kR resulted in
progressively less elongation and in death of seedlings. The first response
curve obviously relates to cell division. The implication is that the seed con
tains the fully differentiated seedling which grows by cell elongation when ex
posed to water at the proper temperature. No cell division is needed for this
phase of growth; hence there is no effect of the radiation at levels which in
hibit nucleic acid synthesis and function (Kohn et al., 1967; Nakao etal., 1967).
When the level of radiation is sufficient to inhibit nucleic acid synthesis, the
seedlings are inhibited in their growth. When the level of radiation is suffi
cient to cause enzyme failure (over 500 kR) (Ku and Romani, 1966; Romani,
1964, 1966; Romani and Fisher, 1966; Romani .et al.. 1966; Romani and Yu,
1966, 1968; Somogyi and Romani, 1964) a second response curve is obtained
and death of seedlings follows. Figure 6 indicates these responses.

Salsola species do not grow on undisturbed natural terrain unless moisture
is satisfactorily f~LVorable. Seeds germinating on the surface of hard soil be
come dehydrated and die because their roots cannot penetrate such a surface.
For this reason Salsola species are usually not seen on deserts unless the soil
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has been disturbed On disturbed desert soils, it grows extremely well under
the somewhat limiting moisture conditions which prevail. It also grows well
on areas on which woody shrubs have been killed because of the more favorable
water balance. Germination characteristics of other species of Salsola have
been described by Negbi and Evenari (1961). ---

Figure 6. Results of irradiating seeds with different levels of 60Co
radiation. Cell division appears impaired between 25 kR and 100
kR. Above 100 kR cell elongation without cell division appears to
occur. Seeds fail to germinate at about 1000 kR.

Salsola is a dominating genus invading disturbed areas at the Nevada Test
Site. A typical scene is shown in Figure 7. Salsola species do not always ap
pear in the disturbed areas for one or two years particularly in remote areas
and this is believed to be due to the relative unavailability of seed. Salsola
species are most apt to invade where the soil has been disturbed but soil dis
turbance is not absolutely necessary for such invasion. Death of existing
plants as sometimes happens with radiation (Rhoads et al., 1969) results in
Salsola species invasion. The absence of the other plants results in a more
favorable soil moisture situation although the possibility of allelopathy must
be considered (see page 310). Even though Salsola species are adapted for
rapid root entry into disturbed soil, the availability of moisture is probably
even more important to its becoming established.

Salsola pestifera transpired less water ger gram of new g;rowth or per
gram dry weight at a soil temperature of 29 C than one at 13 C when soil
moisture was limiting (Wallace, 1970). Evidently it has increased resistance
to water loss when soil temperature gets high. This too can be an adaptive sur
vival mechanism. Transpirational water loss per unit of new growth was
greater at 20°C than at 13°C, however, when soil moisture was not limiting.

Salsola species are extremely resistant to ionizing radiation particularly



Figure 7. Invasion of Salsola species at a site where native vege
tation has been killed and the soil surface disturbed.

for seeds (see page 50).. It has a relatively low nuclear volume. Radiation
has relatively little effect on established plants for levels up to 10 kR.

§.. pestifera appeared to be a species that fixes carbon dioxide by the C-4
dica:rboxylic acid pathway (Hatch and Slack, 1966, 1970). This pathway, ac
companied by low photorespiration (Hatch and Slack, 11966, 1970; Egle and
Fock, 1969; Tregunna et al., 1969), leads to greater percentage utilization of
the carbon dioxide of the air, i. e., to a lower compensation point (see page 322).

The relative fixation for the PEP carboxylase system extracted from
§.. pestifera was 1. 31 f.lmoles per unit of fresh weight vs 0.48 f.lmoles by the
carboxydismutase system. This ratio is highly indicative of the C-4
dicarboxylic acid pathway. Plants that use this pathway are highly efficient in
terms of photosynthesis and have great competing power (Black et al., 1969).
The biomass production of Salsola at the Nevada Test Site varies from zero to
over 500 kg dry matter per hectare under different conditions. Under irriga
tion it has been 15,100 kg per hectare. This is from 30 to hundreds of times
the biomass production of winter annuals at the Nevada Test Site (Beatley,
1969). Biomass production and the photosynthetic pathway do seem to be re
lated. The adaptation makes it possible for the species to grow vigorously
during the period in which soil moisture is available.
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Summary

Salsola species are abundant at the Nevada Test Site especially where soil
has been disturbed or where the native vegetation has been killed which results
in a more favorable water balance. The species appear to have several adap
tive mechanisms which result in its survival under arid conditions. These in
clude rapid germination and penetration into soil, increased resistance to water
loss through transpiration as soil temperature increases, and high photosyn
thetic efficiency through the C-4 dicarboxylic fixation pathway. Salsola is very
resistant to ionizing radiation.

Note

Excerpts from a letter from V. Botschantzev to Dr. William A. Weber and
to us through the courtesy of Dr. Janice Beatley clarifies some of the questions
concerning nomenclature of Salsola. The letter was received after these re
ports were prepared.

Unfortunately I have not finished exammmg the species group of
the genus Salsola you are interested in, therefore my determinations
of your plants, are, to some extent, preliminary.

Your specimens have considerably smaller flowers as the speci
mens of the same species which grow in our country. Still, I think,
that you may identify your plants as belonging to the same species, be
cause your specimens are apparently only local modifications of this
Salsola species.

I think, that it will be correct, if I distribute your plants in accor
dance with the maximum resemblance along two species:

Salsola paulsenii Litv. 9753, 9754, 9756, 9762
Salsola iberica Sennen et Pau 9755, 9757, 9800

The second species has the name~. iberica, because this name was
published in 1908 and the other names-its synonyms-were published
later @. pestifera in 1909, ~. ruthenica lljin in 1934 etc. )

V. Botschantzev
Leningrad, Sept. 23, 1970



CHARACTERISTICS OF FRANSERIA DUMOSA

(BURRO BUSH OR BURR SAGE)

Franseria dumosa Gray (Burro bush or Burr sage) (see Figure 1) is
commonly found with Larrea divaricata, but occasionally may occur as an al
most pure stand (Beatley, 1965). F. dumosa is a good shrub for grazing or
browsing. It is deciduous, being mostly leafless in late summer (if there are
no summer rains) and in winter. It, like Lycium andersonii, easily abscises
leaves, often on touch, and this likely is a survival mechanism which prevents
excessive water loss from hot dry winds.

F. dumosa is confined to relatively warm areas and its northern range at
the Nevada Test Site is in Yucca Flat (Beatley, 1965, 1969). It does not grow
at the higher elevations of the Nevada Test Site.

Shreve and Wiggins (1964) describe [. dumosa:

A much-branched, rounded, shrubby perennial 2 - 6 dm tall; branch
es stiff, more or less spinose, densely strigillose-canescent when
young, eventually glabrate; bark gray and slightly striate-fissured;
leaves ovate in outline, 0.8 - 2 em long, pinnately to bipinnately divid
ed into short, rounded or obtuse lobes 0.5- 2 mm wide, 0.5 - 3 mm
long, often having a lacelike appearance, densely grayish-tomentose
on both sides; petioles 2 - 20 mm long; inflorescences racemose or
spiciform, staminate and pistillate heads often intermingled throughout
length of racemes; staminate heads on peduncles 0.2 - 3 mm long; in
volucres broadly saucer-shaped, 4 - 5 mm wide, strigillose-canescent,
lobes 5 - 8, broadly triangular-ovate; nearly as long as wide; receptac
ular paleae linear, with dilated rhombic-spatulate tips, finely villous;
corollas puberulent, yellow; pistillate heads 2-flowered; fruit 4 - 5.5
mm long, subglobose, moderately glandular-puberulent, beaks 2, conic
subulate, straight, 1 - 1. 5 mm long; spines 30 - 40, narrowly subulate,
flattened toward base, 1. 5 - 2.2 mm long, tips not hooked.

Figure L Typical mature ;E. dumosa shrub growing at the Nevada
Test Site.



Figure 2. New seedlings of [.
dumosa germinate under or
near existing shrubs or in o
pen areas. Survival depends
upon an extended seasonal
moisture supply.

Arid plains, mesas, outwash slopes, and arroyos, Lower Sonoran
Zone, Mojave and Colorado Deserts, California, through southern Ne
vada into southern Utah, south into northern Sonora and along the east
ern side of Baja California to the Sierra de la Giganta and the southern
part of the Magdalena Plain. Occasionally ascending to 6,000 feet on
dry ridges. Feb. -Dec.

[. dumosa develops new leaves relatively early in the spring. Those
plants growing near an artificial stream of waste water from a sewage proces
sing plant had green leaves essentially year around, and they responded favor
ably to water by producing more than the normal amount of new shoots and suc
culent foliage. No particular chilling or photoperiod requirements seem neces
sary for this species. July to September rains in 1967 (5 to 10 cm) resulted in
new leaves, flowers, and mature seeds-the second crop of seeds for the year.
All individuals, however, did not respond to the rains. Several ecotypes seem
to be involved. This type of behavior would result in two growth rings for that
particular year. The seed maturing in the late fall in 1967 was Viable, as was
seed produced any time of the year in the glasshouse or in the open at UCLA.

F. dumosa shrubs have more annual plants growing around them than most
shrub species (Muller, 1953). This seems to indicate a lack of allelopathic
substances produced by this shrub.

Seeds of [. dumosa germinate readily with no special precautions. Glass
house grown plants grow readily in soil and in nutrient solution. Flowers are
produced in the first season on seedlings grown in the glasshouse and the spe
cies produces flowers and set seeds in any season of the year. It therefore
has no special photoperiod requirements.

A large number of seedling plants occur at the field study sites (Figure 2),
sufficient to maintain the present population if survival were from 5 to 10 years.
It would appear that the average age of [. dumosa is not great in the Nevada
Test Site area. The number of growth rings in the stem-root crown section of
several mature plants examined varied from 15 to 25 and there easily could be
two rings formed during some years as occurred in 1967. Considerable die
back of shoots occurs in this rather compact and dense shrub. Stem wood de
teriorates rapidly and is wind-pruned easily, which allows space for new shoots
to develop. New shoots are produced only after a relatively wet winter season;
new leaves form on existing stem wood, but the size of leaf developed is de
pendent upon the amount of available soil moisture. The juvenile form of large,
succulent leaf is generally produced on new shoots rather than on existing stem
wood.



Franseria

Figure 3. Rooted [. dumosa cutting about 6 months old. A simi
lar sized shrub growing in the field would be 3 to 5 years old.

F. dumosa shrubs in full leaf flush in a wet stream area in January 1968
were-severely injured because of a freeze of about -lOGe. Shrubs in dry areas
not in growth flush were not injured. This effect was repeated again in 1969
and 1970. Even though many other shrub species grew vigorously in the spring
of 1969 following unusually heavy early spring rainfall, F. dumosa did not.
This supposedly resulted from continued cold weather and frost injury. New [.
dumosaseedlings became plentiful in the growth season following these spring
rains, but many of them have not survived the very dry fall, winter and spring
seasons of 1970. A very marked increase in new seedling survival has, how
ever, occurred in the study plots under sprinkler irrigation near Mercury and
in wet stream areas.

Experimental Results

In addition to ease of germination, F. dumosa also is easy to root from
cuttings. The procedure involves dipping the cuttings in Hormodin No.2 (0.3%
IBA in talc) and putting them in vermiculite in a mist or fog house until they
are rooted (Figure 3). ehase and Strain (1966) also reported that [. dumosa
is easy to root. Of the several different shrub species we have studied from
the Nevada Test Site, the juvenile [. dumosa grows most rapidly in artificial
environments.

On February 6, 1967, approximately one-month-old seedlings of several
plant species were transplanted along the edge of a glass-fronted metal case
which was some 50 cm deep. A cover over the glass front was removed peri
odically to observe the rate of vertical penetration of the roots. The taproot
of a seedling of [. dumosa elongated 32 cm in 19 days and had one of the deep
est and most rapid rates of root growth of the species studied. This obviously
is a survival mechanism and may account for the large number of seedlings
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which survive in the field.

Cuttings or seedlings growing in potted soil in the glasshouse easily wilt
when soil moisture becomes limiting. It appears that the tendency to wilt is
much more pronounced with glasshouse-grown plants than in the field, indicat
ing that some kind of preconditioning is necessary to induce the drought resist
anceencountered in the field. The leaves tend to abscise from [. dumosa upon
wilting when the soil moisture is decreased to about 3% of dry weight. If soil
moisture is maintained slightly above the wilting point, the shrub will produce
a small rosette-type of leaf on existing stem wood but no new shoots or succu
lent leaf forms are produced.

F. dumosa responds to soil temperature (Figure 4). Shoot growth of young
plants was greater at 20° C than at 33° C. It was lowest at 11°C. In another
study, greater growth of older plants was obtained at 37°C (Table 1). Further
studies showed that warm ambient air temperatures overcame the differential
effects of cold root temperatures on growth of F. dumosa (Figure 5). It tends
to be a hot-desert species and appears to be poorly adapted to cool and freez
ing temperatures. Zinc and copper contents of the plants grown in pots of soil
at various temperatures were high compared to field-grown plants (compare
with Table 3).

F. dumosa appears to be relatively insensitive to soil pH and to the pres
enceof CaC03 (Table 2). Mineral composition indicated high boron contents.
Copper, manganese, and zinc levels were increased with decreasing soil pH.
Potassium and calcium contents were relatively high. The species appears to
have a requirement for a high level of calcium (Figure 6).

Mineral composition of leaves of field-grown [. dumosa plants are in Ta
ble 3. The analyses confirm relatively high calcium and boron contents. Po
tassium was high and sodium was low. Copper contents for the high pH, calcar
eous soils of the Nevada Test Site were much lower than plants in Yolo loam,
even with CaC03 added to the soil (Table 2). Field grown [. dumosa concen-

Table 2. Shoot yields and mineral composition on the dry weight basis
of leaves of [. dumosa grown in Yolo loam soil with and
without excess CaC03 or sulfur.

Measurement CaC03
(pH 7.5)

Leaf wt, g/plant 6.05
Stem wt, g/plant 10.05
Ca, % 2.42
K, % 3.26
Mg, % .58
Na, % .14
P, % .29
B, ppm 233
Cu, ppm 29
Fe, ppm 162
Mn, ppm 118
Co, ppm T
Mo, ppm 11.4
Zn, ppm 11

Means of determinations from 3 plants.

Control
(pH 6.0)

6.90
11. 79
2.12
3.56

.58

.17

.37
213

42
165
167
T

5.4
35

Sulfur
(pH 4.2)

9.94
12.39

1. 73
3.21

.71

.22

.66
207

57
171
688
14.3
4.6

69



Figure 4. Growth response of
;[. dumosa cuttings to different
soil temperatures. Note the
succulent juvenile leaf form.

trates relatively high levels of aluminum in leaf tissue. Results also suggest
that ;[. dumosa may be a boron accumulator.

;[. dumosa seedling plants were grown 90 days in various soils (Figure 7).
Best growth was in a soil with moderate pH and no salinity (Yolo) and in one
with a fair amount of salinity (Panoche). Moderate growth occurred in calcar
eous Hacienda and Nye Canyon soil; low pH and low phosphorus Aiken soil re
sulted in little or no growth. These results may reflect somewhat the availa
ble nitrogen status of these soils inasmuch as ;[. dumosa responded to additions
of nitrogen to the calcareous soil of the Mercury Valley study area.

;[. dumosa is more resistant to ionizing radiation than are some other spe
cies and more sensitive than others (Figure 8). A lethal dose of acute gamma
radiation for succulently growing specimens of this species was 4 kR. As is
the case with several other shrub species, higher dosage levels are required
to kill the shrub if irradiated while in the dormant state.
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Figure 6. Response of [. dumosa to varied calcium levels (10-4~
and 10-2N) in solution culture.

Figure 7. Cuttings of [. dumosa grown 90 days in different soils.

Franseria dumosa _
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'Mineral composition of F. dumosa leaves and stems on a seasonal basis
is given in Table 4. The aging process is indicated for several of the elements.
These processes can result in decreases of elements due to dilution by adding
of carbohydrate-like materials or to dilution because of retranslocation either
to other growing centers (could be roots as well as shoots) or to storage tissues
(stems) prior to leaf abscission. Decreases in phosphorus in leaves with age
was notable but there was slight indication only of build up in stems with age.
The potassium contents of leaves increased, then decreased. There was little
evidence of its storage in stems. Calcium, magnesium, silicon, zinc, copper,
and boron in leaves tended to increase with age in leaves and this is another
aging process related to translocation.

Franseria dumoso

Figure 8. Acute gamma irradiation with 4 kR was lethal to
g. dumosa. (left to right, 0, 1, 3 kR)

Summary

Franseria dumosa is a shrub which dominates or associates with Larrea
divaricata at the Nevada Test Site. It is relatively short lived, compared with
other shrubs. It is deciduous depending more upon soil moisture than on hot
or cold temperatures. Late summer rains of sufficient magnitude cause it to
resume growth, flower, and set seed, thus sometimes completing two produc
tivity cycles in a given year. It sets fruits in any season of the year. Leaf
drop under conditions of stress may be a survival mechanism under desert
conditions. Root growth of seedlings is extremely rapid. ;[. dumosa requires
warm conditions for growth, especially warm soil and air temperature, and
it is not found at high altitudes. Low soil temperature (lIoC) greatly decreased
growth. Freezing injured the vegetative growth. It is tolerant of a moderate
degree of salinity and is relatively insensitive to soil pH. It accumulates large
quantities of boron and of calcium. It is moderately resistant to ionizing ra
diation.



CHARACTERISTICS OF CUSCUTA NEVADENSIS (DODDER)

Dodder (Cuscuta nevadensis, Johnston) is an interesting ecological factor
at the Nevada Test Site and in adjacent areas. This plant is a nonchlorophyll
containing parasite which infests many other plant species. Its activity varies
from year to year, but it seems to be especially active during growing seasons
following winter and spring months which receive above-average rainfall. The
growing season of 1969 was an exceptionally active period for dodder at the
Nevada Test Site. It was seen to infest the following plant species in a manner
as shown in Figures 1 and 2: Franseria dumosa, Larrea divaricata, Atriplex
confertifolia, Atriplex canescens, Acamptopappus shockleyi, Lycium ander
sonii, Lycium pallidum, Hymenoclea salsola, Mirabilis pudica, Grayia spinosa,
Dalea fremontii, Kameria parvifolia, Coleogyne ramosissima, Encelia virgin
ensis, Eurotia lanata, and Prosopis juliflora, var. torreyana.

Large areas were seen in which most shrub species present were infested.
One striking example occurred in an area which measured 1. °km long X 0.5.
km wide near an old abandoned highway on the West Frenchman Flat bajada.
Another area about three times as large was seen alongside the Charles Brown
Highway midway between Shoshone, California and Pahrump, Nevada. A site
covering about one hectare was found in Rock Valley near the permanent gamma
radiation source area. Visits to these areas during the spring of 1970, follow
ing very dry winter and spring months, showed an arrested activity of the dod
der infestation. It was still present but there was no rank growth as in the pre
vious growing season. Also, there was considerable evidence of severely
damaged and/or dead shrubs of the species which had been severely infested
in 1969. There appeared to have been no correlation of age of shrubs (size
range) with dodder infestation. Both old and young shrubs were similarlv in-

Figure 1. Lycium pallidum shrub infested with dodder, Cuscuta
nevadensis l
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fested and killed or damaged. New crown-sprouting was observed on 1. palli
dum and 1. divaricata that had been severely damaged. The mineral composi
tion of dodder (Table 1) appeared to be much like that for plants on which it
grows.

Table 1. Mineral composition of Cuscuta nevadensis.

Location P Na K Ca Mg Si

%of dry weight

Frenchman Flat 0.33 0.25 5.76 0.42 0.22 0.11
Rock Valley -0.30 0.08 4.89 0.54 0.21 0.18

Zn Cu Fe Mn B Al Ti Mo Co Ni Sr Ba

ppm of dry weight

Frenchman Flat 19 4 194 21 24 243 13 2.0 0.5 1.2 13 8
Rock Valley 8 3 278 28 30 374 24 0.5 0.5 0.5 13 9

Summary

Dodder (Cuscuta neyadensis) is an important ecological factor because of
its parasitic nature. It infests many shrub species and may kill or severely
damage them. Dodder, like fires and prolonged droughts, could initiate a suc
cession cycle and perhaps change a shrub climax to a grassland as often hap
pens when water balance is changed in an area either by supplementary irriga
tion or by removal of existing shrubs.

Figure 2. Larrea divaricata infested with Cuscuta nevadensis.



CHARACTERISTICS OF KRAMERIA PARVIFOLIA

Krameria parvifolia Benth. is a low-growing shrub commonly appearing
in the Mojave-like portions of the Nevada Test Site. It is commonly associated
with Larrea divaricata and other shrub types as a dominant or associated spe
cies (Beatley, 1965, 1969). It appears as a single shrub or in a shrub clump
with other species.

Shreve and Wiggins (1964) describe the species as follows:

Krameria parvifolia Benth., Bot. Sulph. 6, pI. 1, 1844, var. parvifolia.

Intricately branched shrub 3 - 6 dm high, somewhat depressed, with
stout, gray-barked branches and slender, short-strigose twigs; leaves
linear, sessile, acute, 1 mm wide or less, 8 - 12 mm long, short
strigose, green; peduncles 1 - 2 cm long; bracts linear, 4 - 6 mm long;
sepals narrowly oblong, obtusish, 7 - 10 mm long, reddish at base,
sparingly strigose; lower petals nearly rectangular, 3 mm long, smooth,
truncate; upper petals united only at base, 4 - 5 mm long, blade of mid-
dle one narrowly oblong, those of lateral ones expanded; stamens borne
on short claws of upper petals, about equaling petals; fruit somewhat
compressed, subcordate, 7 - 8 mm broad, 5 - 7 mm thick, apex acute,
sparsely strigose; spines acicular, 2.5 - 3.5 mm long, glabrous, bear-
ing 2 - 4 retrorse barbs at two or three levels near apex. Dry washes
and rocky hillsides, southern Baja California from the vicinity of Mag
delena Bay southward. March - Sept.

Benson and Darrow (1954) state that ~. parvifolia is found on rocky slopes
and gravelly plains in the desert at 160 to 1600 meters elevation. It inhabits
deserts in California from the Death Valley region and Victorville southward
and eastward; southern Nevada; southwestern Utah; Arizona in the Grand Can
yon region, in the Mojave, Colorado, and Arizona deserts, and in the desert
grassland. This species is an important browse plant for range livestock, and
the significance is increased by the fact that the associated vegetation often
includes few other palatable plants. The shrubs are resistant to grazing, and
they sprout readily from their shallow root systems. Mter a few years each
plant becomes a dense, rounded, spiny mass from which the new year's tender
growth protrudes. The plant is also reported to be a root parasite.

~. parvifolia is fairly abundant in Mercury and Rock Valleys. Its relative
frequency in two plots in Rock Valley were 22 and 4.4% with a total of 5586 and
4272 shrubs of all species per hectare.

~. parvifolia is a most interesting shrub. At the Nevada Test Site, it re
mains dormant in the spring for at least a month longer than most other shrubs
and then it holds its leaves for at least two months longer than most other de
ciduous species in the summer. Its temperature and day-length requirements
would be unique (see page 387). Its rambling growth habit (Figure 1) results
in large numbers of winter annuals growing in association with it. Contributing
to this phenomenon is the ability of this species to spread by underground sto
lons (Figure 2). This habit with several shoots close together helps to provide
the catchment which collects fallen leaves and wind-blown soil particles making
a more suitable environment for annual plant species.

We observed ~. parvifolia to continue active growth even after the soil
moisture level had dropped below 3 per cent and other nearby deciduous shrubs

164



Figure 1. ~. parvifolia showing its rambling growth habit
and annual plant species growing in association with it.

Figure 2. Underground stolon and shoot production on ~. parvifolia.
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had shed their leaves and gone dormant. This amazing capacity to continue
growth in virtually dry soil suggests that~. parvifolia may obtain moisture
directly from the atmosphere through foliage. Its rambling growth habit close
to the ground and its role as an understory shrub when associated with other
species should enhance its capacity to benefit from dew formation. ~. parvi
folia is reported to form root grafts with other species which subsequently
should permit it to obtain moisture from other root systems; however, we
have found no evidence of root grafts in our excavations of several shrub root
systems at the Nevada Test Site.

Experimental Results

All attempts of root cuttings of~. parvifolia so far have failed and only
two seeds have been collected which germinated. Most seeds produced in the
field appear to have been injured by insects. In fact, insects may be an impor
tant regulatory mechanism for reseeding of this species. Attempts have been
made to transplant specimens from the field into pots, but these likewise have
failed except for a few cases.

Mineral composition of~. parvifolia sampled at different intervals in 1969
from the field is given in Table 1. Note the interesting build-up of sodium and
potassium during the period of most active new photosynthetic productivity in
both leaf and stem tissues, and the high levels of iron and aluminum accumu
lated by this species. Of particular significance is the decrease of zinc, cop
per, iron, manganese, aluminum, and titanium in stem tissues during the peak
productivity period (May, June, July) indicative partly of having been stored in
stem tissues and translocated to the new crop of leaves.

Summary

Krameria parvifolia is a low-growing shrub species usually associated
with Larrea. It is sometimes dominant and many annual plants grow in asso
ciation with it. Its growth habit results in its being associated with large num
bers of winter annuals. It spreads by growth of underground shoots (stolons)
and forms root grafts with other species. It is dormant for a month longer than
most species in the spring, and remains active for about two months longer than
other deciduous shrub species. Presumably it has a high temperature require
ment. Insects appear to regulate its reseeding. Attempts to obtain rooted cut
tings and seedlings have not been successful. This shrub accumulates relative
ly high levels of aluminum and iron, and low levels of sodium. It continues ac
tive growth even when the soil moisture level drops below 3 per cent.



CHARACTERISTICS OF ATRIPLEX SPECIES (SALT BUSHES)

Atriplex species are widely distributed over the western United States as
well as in other parts of the world and in general are related to dry alkaline
and saline soils.

Shreve and Wiggins (1964) give the following description of some of the
Atriplex species:

Atriplex canescens (Pursh) Nutt., Gen. Pl. 1:197, 1818, subsp.
canescens. Erect shrub to 2.5 m high with stout, terete branches,
these gray-scurfy in youth, soon glabrate and pale; leaves subsessile
or sessile, linear-spatulate to oblong, 2 - 8 mm wide, 1. 5 - 5 cm
long, entire, densely gray-scurfy; flowers dioecious, staminate in
dense, nearly leafless terminal spikes and panicles, pistillate in
dense, leafy-bracted spikes and panicles; fruiting bracts 6 - 15 (some
times 20) mm long, with wings 4 - 8 mm wide, shallowly to deeply
toothed, similar wings usually along median line of outer face, smooth
or slightly appendaged between wings; seeds 1. 5 - 2 mm long.

Dry alkaline soils, South Dakota to Kansas, western Texas, eastern
Washington, and south into Baja California, Sinaloa, and Zacatecas.
March - Sept.

Atriplex hymenelytra (Torr.) S. Wats., Proc. Amer. Acad. 9:119,
1874. Compact, profusely branched shrub 2 - 12 dm high with dense,
persistent, white scurf on young twigs and leaves; branches somewhat
tortuous, stoutish, erector ascending; bark tan on younger wood, finally
gray and more or less checked and fissured; petioles 3 - 10 mm long;
leaf blades round-ovate to orbicular, 1. 5 - 4.5 cm wide and long, trun
cate to subcordate at base, obtuse at apex, saliently and irregularly
toothed, silvery with a dense, smooth scurf, turning red to purplish
with age; flowers dioecious, in dense, leafy panicles; bracts borne on
a turbinate stalk 2 - 4 mm long, orbicular, 6 - 10 mm long, strongly
compressed, distinct except at base, margins entire, faces smooth or
reticulately veined on body of the fruit; seeds 1. 5 - 2 mm long.

Alkaline flats and slopes, Lower Sonoran Zone, southwestern Utah,
southern Nevada, and southeastern California from Inyo County south
through the Mojave and Colorado Deserts to central Baja California,
western Arizona, and northwestern Sonora. Feb. - April.

Atriplex lentiformis (Torr.) S. Wats., Proc. Amer. Acad. 9:118,
1874. Erect shrub 1 - 3 m high with flexuous or rigid or angular
branches forming a dome-shaped outline, the lateral twigs sometimes
spine-tipped; leaves deltoid, rhombic, ovate, or oblong, 0.5 - 2.5 cm
wide, 1 - 5 cm long, truncate to broadly cuneate at base, obtuse and
often short-mucronate at apex, entire to subhastate, closely and finely
gray- or blue-scurfy; flowers dioecious or sometimes monoecious, in
crowded clusters along branches of diffuse panicles 1 - 5 dm long;
bracts orbicular or slightly broader, compressed-lenticular, 2.5 - 5
mm broad, margins entire to crenulate, faces smooth, gray-scurfy;
seeds 1. 2 - 1. 5 mm long, dark brown.

Alkaline flats and benches, desert outwash slopes and playas, and
interior valleys, Lower Sonoran Zone, Salinas and San Joaquin Valleys,
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California, to southwestern Utah, south through the Mojave and Colorado
Deserts to central Baja California, and east to central Arizona and
northwestern Sonora. Feb. - April.

Munz (1959) gives the following description of Atriplex confertifolia:

~. confertifolia (Torr. & Frem.) Wats. [Obione£.. Torr. & Frem. ]
Erect rigidly branched spiny rounded shrub 2 - 10 dm high, with stout
scurfy branchlets; lvs. crowded, deciduous, alternate, round-ovate or
-obovate to elliptic, obtuse, subsessile or short-petioled, 1 - 2 cm
long, entire, gray-scurfy; plants dioecious, the male glomerules in the
upper axils, almost spicate, the female I-few in each of upper if. -axils;
fruiting bracts sessile, convex over the seed, suborbicular, free
margined, entire, 6 - 12 mm long; seed red-brown, 1. 5 - 2 mm in
diam. -Common, alkaline flats and slopes, below 7000 ft.; Shadscale
Scrub, Sagebrush Scrub, Creosote Bush Scrub; Mojave Desert to e.
Ore., N. Dak., Chihuahua. April - July.

Benson and Darrow (1954) give the following description of~. polycarpa:

~. polycarpa (Torr.) S. Wats. CATTLE SPINACH (1) Bracts with
fingerlike projections on the margins; (2) leaves small, only about 1/4
inch long, without petioles (stalks), often in dense clusters (fascicles).
Shrubs usually about 1 m high, rounded; branches smooth, the bark
soon splitting; leaves oblong but the apices acute or nearly so, about
5 - 7 mm long, usually 1. 5 - 3 mm broad, rather thick, markedly
scurfy; bracts of the fruits, or most of them, with irregular projections
or crests from especially near the bases of the backs, these resembling
the finger like lobes on the margins, silvery-scurfy with very dense
scales.-Alkaline plains and occasionally rocky or gravelly slopes in
the desert or in grassland at 400 to 3000 ft. elevation. California in
scattered localities in the San Joaquin Valley and in the Mojave and
Colorado deserts; southern Nevada, southwestern Utah, Arizona in
Bill Williams River drainage and in the Colorado and Arizona deserts;
Baja California and southeastward in Mexico.

Beatley (1965, 1969) reports that at the Nevada Test Site~. canescens is
occasional to common and usually in sandy soils. It is associated with all veg
etation types except Pinyon-Juniper and is present in all basins of the Nevada
Test Site. It is the dominant shrub in some local areas.

A. canescens is dioecious (Figure 1). It grows rapidly, mostly on sandy
soil and along disturbed roadsides where there is extra water. There is a
heavy cover of it at Cane Springs where water is available. It is believed by
some to be a phreatophyte. It has been the only shrub to become reestablished
near ground zero of the Sedan nuclear cratering test of 1962.

A. confertlfolia is Widely distributed and occurs as a dominant shrub
or even as a nearly pure stand, especially near the Frenchman and Yucca
playas and on the bajadas and hills of the south Frenchman and southwestern
Yucca Flat (Beatley, .1965, 1969).

~. confertifolia associations at the Nevada Test Site include Atriplex
Kochia and Atriplex- Eurotia north of Yucca playa, and essentially pure stands
of Atriplex north of Frenchman playa. Certain sandy sites are occupied by ~.

canescens communities. A. confertifolia is also a dominant with Larrea or
Coleogyne on slopes of calcareous hills, as on the bajadas and in the foothills
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of northern Mercury, southern Frenchman and southwestern Yucca Flat (Beat
ley, 1965, 1969).

A. confertifolia is one of the higher plant species of the Great Basin, Mo
jave,-and Sonoran Deserts that grows in saline and semisaline areas (Billings,
1949; Branson et al., 1967; Gates et al., 1956; Shantz, 1940).

~. confertifolia is dioecious (Figure 2) and has a very high osmotic pres
sure in leaves. It has leaf salt glands as do Atriplex species in general. In
the field its leaves are often cool to the touch and sometimes appear wet.

Figure 1. A. canescens, pistillate and staminate shrub forms.



Figure 2. A. confertifolia, pistillate and staminate plants.

Figure 3. A. hymenelytra, commonly called desert holly.
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In September of 1967,3 new specimens of~. canescens were observed on
disturbed soil at 2100 m elevation. ~. confertifolia generally occurs at lower
elevations.

~. hymenelytra (Figure 3) occurs occasionally along disturbed sites or in
washes of west Mercury Valley, south Jackass and north Frenchman Flats. It
commonly grows in Death Valley. Both it and some other Atriplex tend to be dis
tributed in areas more like the Mojave Desert than like the Great Basin Desert.

~. polycarpa (Figure 4) and ~. ~ L. also are found in washes and

Figure 4. ~. polycarpa, commonly called cattle spinach.



Atriplex hymenelytra

Atriplex polycarpa

Figure 5. (top left) Rooted cutting of~. confertifolia.
Figure 6. (top right) Potted cutting of~. hymenelytra.
Figure 7. (bottom left) Potted cutting of ~. polycarpa.
Figure 8. (bottom right) Potted cutting of~. canescens.
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hills of south Frenchman Flat (Beatley, 1965).

In one section of Frenchman Flat the Larrea-Atriplex transition line con
tains many dead A. canescens. New A. canescens were growing at the same
sites where the old skeletons remain, the sites being favorable spots for seed
lings to germinate and survive. The evidence indicates that the old plants had
died of drought and that the 1. divaricata had survived the drought. Dating by
annual rings indicates that the new~. canescens plants are about 20 years old.

Osmond and colleague (1963, 1968a, 1968b, 1968c) have studied some of
the physiology of Atriplex in Australia. They found high levels of oxalate in
leaves in association with cations. They found that oxalate was absorbed by
cells with characteristics which indicated absorption through the tonoplast into
the vacuole. They found that sodium uptake was largely exchanged with potas
sium. Divalent cations were low in tissues because of large quantities of sodium
and potassium in them. Photosynthesis in the Atriplex studied seemed to have
an initial C-4-dicarboxylic acid pathway in contrast to the usual Calvin pathway.
This contributes to their efficiency in growth (Hatch and Slack, 1970; Black et
aI, 1969).

Experimental Results

~. canescens, ~. lentiformis, and~. hymenelytra seeds readily germin
ate under glasshouse conditions. Those of A. confertifolia do not; we have had
only a few of the seeds germinate of the hundreds planted, but these have re
sulted in hundreds of cuttings. Cuttings of Atriplex usually root readily (Figure
5, 6, 7, 8) if the plants from which cuttings are taken are in a juvenile form
(Figure 9). For successful rooting of cuttings, no growth regulator is used and
the cuttings are placed either in an open glasshouse or in a box kept at about
15° C with bottom heat at about 25° C for rooting. ~. canescens and~. hymen
lytra cuttings root readily under the same procedures.

~. canescens seedlings gave yield response to sodium in solution culture,
but did not in soil. Those in solution were grown for 30 days in 1800 ml of
complete nutrient solution with varying levels of NaCl superimposed. Yields
and sodium contents are shown in Table 1. There appeared to be a growth re
sponse for 5, 10, and 20 mM NaCl but 50 mM appeared to depress growth.
Sodium appears to be slowly translocated to shoots of~. canescens in contrast
to many plant species. The sodium content of these plants was much lower than
that of~. confertifolia as is well known.

Table 1. Effects of NaCl on yields and sodium contents of plant parts
of~. canescens grown in solution culture.

Treatment g dry wt of 4 plants Sodium content iJo dry wt)

mM NaCl Root Stem Leaf Whole Root Stem Leaf
plant

0 0.45 0.95 2.48 3.88 0.15 0.08 0.16
1 0.37 0.90 2.25 3.52 0.21 0.07 0.14
5 0.35 1. 00 3.06 4.41 0.67 0.11 0.26

10 0.46 1.15 2.74 4.35 0.47 0.14 0.57
20 0.48 1. 25 3.65 5.38 0.50 0.18 0.86
50 0.45 0.83 1. 93 3.21 0.48 0.41 1. 53
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t:. canescens behave a little differently in soil. Seeds were planted Janu
ary 26, 1967 in fine vermiculite and seedlings emerged about one week later.
Seedlings were transplanted to a regular potting soil (Yolo loam, pH 5.7) with
some sand and coarse vermiculite, and placed in the glasshouse. Plants grew
well and by April 17, 1967 were husky and compact, 15 cm high. On this
date NaCI was added at treatment levels of 0, 0.7, 1. 4, 2.1, 2.8, and 3.5 g
per pot. On May 4, 1967 the same increments were again added. The total
NaCI application was equivalent to 0, 4, 8, 12, 16, and 20 tons per acre. The
plants were harvested on May 17, 1967. Since the time of the first NaCI appli
cation they had tripled in size. Yield and mineral contents are given in Table 2.

A. canescens was slightly sensitive to acid soil when it was grown in soil
acidified with 2% sulfur (Table 3). It was relatively insensitive to added CaC03.
Micronutrient contents were greatly related to the soil pH, especially manga
nese, zinc, and molybdenum. Growth was considerably different when seed
lings were grown for 5 months in acid, neutral, saline, and calcareous soils

Table 2. Yield and chemical analyses of shoots of~. canescens grown
in soil on a per pot basis.

NaCI treatment Net Mineral content (% dry wt)
(g/pot)* dry wt of

2 plants,
P K Na Ca Mgg

0 6.66 0.48 4.74 0.10 1.49 0.76
0.7 6.93 0.62 5.11 1. 24 2.26 0.85
1.4 6.44 0.51 5.12 2.29 2.34 0.83
2.1 6.88 0.42 4.91 1. 73 1. 38 0.69
2.8 6.12 0.42 4.82 3.78 2.13 0.77
3.5 6.03 0.44 4.31 5.86 2.35 0.70

*Equivalent to 0, 4, 8, 12, 16, and 20 tons NaCI per acre when added twice.

Table 3. Shoot yields and mineral composition on the dry weight basis
of leaves of A. canescens grown in Yolo loam soil with and
without excess CaC03 and sulfur. (1\iTean of 3 plants. )

Measurement

Leaf wt, g/plant
Stem wt, g/plant
Ca, %
K, %
Mg, %
Na, %
P, %
B, ppm
Cu, ppm
Fe, ppm
Mn, ppm
Co, ppm
Mo, ppm
Zn, ppm

CaC03
(pH 7.5)

13.07
14.71

0.78
7.25
0.59
0.18
0.31

62
21
52
80
T
12.5
32

Control
(pH 6.0)

15.05
15.50

0.95
7.57
0.84
0.14
0.80

52
45
49

267
T
6.4

170

Sulfur
(pH 4.2)

11. 23
7.55
1. 41
5.73
1. 16
0.22
1. 31

58
69
73

680
2.9
2.8

>200



Figure 9. (top left) Juvenile forms of ~. confertifolia suitable
for rooted cuttings.

Figure 10. (top right) Growth of ~. canescens on different soil
types: Aiken is acidic; Yolo is neutral; Hacienda, Nye, and Yucca
are calcareous; Panoche is calcareous-saline.

Figure 11. (bottom left) ~. canescens response to nitrogen added
to calcareous Mercury area soil. (0, 110, 330 kg per hal

Figure 12. (bottom right) ~. canescens grown at different soil
temperatures and ambient glasshouse air temperatures.

(Figure 10). Poorest growth was on acidic Aiken soil and best growth was on
calcareous-saline Panoche soil.

~. canescens responded to nitrogen treatments applied to calcareous soil
from Mercury, Nevada at levels equivalent to 110 and 330 kg nitrogen per
hectare (Figure 11).

~. canescens was one of the most responsive of the Atriplex species to
changes in soil temperature (Figure 12). Yield was much greater at 33° C
than at 11°C root temperature after a 75-day growth period.

The initial observations just discussed prompted a series of additional soil
pot and solution culture experiments to further investigate some mineral nu
tritional characteristics of Atriplex species and their response to changes in
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root temperature.

A.. canescens seedlings were grown in culture solutions in 3700 ml jars
for 71 days. Composition of the nutrient solutions used is given in Table 4.
Solutions were changed twice during the experiment. When harvested the test
plants were separated into leaves, stems and roots. Each was washed with
O.lN HCI and then with water. Plant materials were dried, weighed, and
ground for analysis by an emission spectrograph (methods of Alexander and
Romney).

Table 4. Composition of nutrient solutions in which A. confertifolia
cuttings and A.. canescens seedlings were grown.

Solution
variables*

me/liter

Other

6
8
6
0.4
6
6
6
6
6

6
6
6

2.0
2.0
2.0
2.0
2.0
2.0
0.2
2.0
2.0

2.0
2.0
2.0

10.0
10.0

10.0
10.0
10.0
10.0
1.0

10.0
10.0
10.0
1.0

2.0
2.0
2.0

2.0
0.1
2.0
0.0
2.0
2.0
2.0
2.0
2.0

NH4N03
Urea
NH4+ + CaC03

5 Na2S04
9 CaS04
5 Na2S04
10 NH4N03
10 urea
10 (NH4)2S04
and CaC03

*Micronutrients except where omitted were added as mmoles/l: 0.01 FeEDDHA,
0.015 ZnS04, 0.09 MnS04, and 0.045 H3B03, 0.003 H2Mo04'

Control
1/20 P
No Fe
1/20 K
1/l0N
NIi> Zn
1/10 Mg
Na
1/10 N + Na

Another experiment was made with A. canescens in solution culture.
Plants were grown with 0, 10, and 90 meper liter of Na2S04 superimposed
upon the complete nutrient solution in 7 liters of the solution with weekly
changes for 3 months. Plants were separated, dried, and analyzed for sodium
by a flame photometer procedure.

The data for nutrient variables with A. canescens are in Table 5. This
species appeared to respond to sodium with increased yields. Sodium contents,
however, were relatively small as were those of potassium relative to that
which occurred in A.. confertifolia as will be shown later. The gradient of so
dium and potassium from leaves to stems to roots was poorly pronounced in A..
canescens. Zinc and copper contents were also lower.

The results for A. canescens plants grown at 0, 10, 90 me per liter of
Na2S04 are in Table6. There were no particular detrimental effects of the
high sodium and the quantities in plants were not great. The sodium appeared
to accumulate in roots more than in shoots although some sodium was in old
parts of the shoot.

Seeds of A. confertifolia plants were collected in the Mojave Desert and
from these seedlings rooted cuttings were prepared in large. numbers. Some
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Table 6. Sodium contents in parts of A. canescens plants grown in nu
trient solution plus differentlevels of Na2S04.

Plant parts

Young leaves
Young stems
Old leaves
Old stems
Roots

me Na2S04 per liter

0 10 90

%of dry weight

0.19 0.23 0.84
0.13 0.16 0.35
0.17 0.20 0.55
0.04 0.09 0.09
0.67 2.19 3.18

of these growing in small cups of soil were barerooted, washed, and transfer
red to 500 ml nutrient solutions for a period of 76 days. Culture solution treat
ments were listed in Table 4. Plants were harvested and processed as previ
ously indicated for A. canescens. The date for A. confertifolia are in Table 7.
The cuttings had been grown in tap water before transferring to nutrient solu
tion and contained considerable sodium without additional sodium treatments.
The addition of sodium, however, did greatly increase sodium content of leaves
but much less so of stems and roots. Roots contained very small quantities of
sodium relative to leaves and a sharp gradient existed from leaves to stems to
roots. When nitrogen was adequate, there was a relatively large yield increase
from the sodium. This could be either a so-called agricultural response
(Leonard, 1950) or could be an indication of a sodium requirement (Brownell,
1965, 1968). Further studies are necessary to determine which. Potassium
contents of plants were high, so that sodium response most likely was not a
partial replacement of potassium by sodium (Wallace, 1948).

A. confertifolia cuttings grew better at 21°C soil temperature than at 33° C
and growth at both of these temperatures was much better than at 11°C (Table
8). On the other hand~. canescens grew best at 33° C soil temperature for 75
days in Yolo loam, intermediate at 21°C soil temperature, and leastat the low
soil temperature (11°C). The difference between the two species for maximum
response to soil temperature conditions may explain in part their distribution
in the field. Additional tests wherein both air and root temperatures were var
ied showed some interesting interactions by~. confertifolia (Figure 13). At
15° C air temperature, highest yield was at 25°C root temperature. At 25° C
air temperature the yield was highest at 35°C root temperature. This effect
was overcome at 35°C air temperature where highest yields occurred at the
two lower root temperatures.

Cuttings of desert holly (~. hymenelytra) were made from seedlings (Fig
ure 6) germinated from a commercial supply of seed. They rooted readily in a
semi-humid glasshouse without special treatment, either in soil or vermiculite.
The cuttings were transplanted to Yolo loam soil in 4 liter pots and when about
20 cm tall, 27 of them were selected for a study with NaCI treatments applied
directly to the soil. Three applications of NaCI (0, 19, 5g per pot) were made
1 week apart at the beginning of the experiment. Nitrogen as Ca(N03)2 was
added at the rate of 25 me per pot in 5 equal weekly applications. No other nu
trients were added. The results of this test are summarized in Table 9.
Yields of plants were not influenced by the salt treatments. Salt treatments
greatly increased sodium content of leaves but not of roots. A sharp gradient
was observed for sodium content from top leaves to roots with stems interme-



T
ab

le
7.

Y
ie

ld
s

an
d

m
in

er
al

co
m

p
o

si
ti

o
n
o
f
~
.

co
n

fe
rt

if
o

li
a

w
he

n
gr

ow
n

in
v

ar
io

u
s

n
u

tr
ie

n
t

so
lu

ti
o

n
s

(d
ry

w
ei

g
h

t
b

as
is

).

T
re

at
m

en
t

Y
ie

ld
P

N
a

K
M

g
C

a
Z

n
C

u
F

e
M

n
B

C
o

N
i

M
o

C
r

g
%

%
%

%
%

pp
m

pp
m

p
p

m
p

p
m

p
p

m
p

p
m

p
p

m
p

p
m

p
p

m

L
ea

v
es

C
o

n
tr

o
l

1
.0

4
1.

25
1.

35
9.

52
+

.4
7

.6
1

16
7

14
14

3
85

31
.3

4
.4

4
.3

.4
1

/2
0

P
1

.0
8

.4
5

1
.1

0
9

.9
9

+
.5

1
.8

8
17

8
10

15
5

46
30

.2
2

.0
5

.8
.1

N
o

F
e

.7
5

1.
41

.2
9

9
.9

9
+

.5
9

.5
3

20
0+

36
46

14
6

26
.2

4
.6

5
.6

.4
1

/2
0

K
.5

4
1.

59
3

.4
4

3
.3

7
.7

2
.9

0
20

0+
30

99
20

9
30

.3
3

.1
4

.1
.4

1
/1

0
N

.3
9

1
.1

4
2

.7
0

9
.9

9
+

.4
4

.5
1

20
0+

21
67

11
6

25
.3

1
.8

4
.7

.4
N

o
Z

n
1.

41
1.

30
1

.2
4

8
.7

6
.4

0
.3

2
20

0+
9

59
84

25
.1

4
.0

4
.3

.3
1

/1
0

M
g

1
.2

1
1

.0
6

.7
9

8
.0

9
.1

6
.5

8
17

4
14

16
6

99
30

.6
5

.0
3

.6
.4

N
a

2
.3

0
1

.1
2

5
.9

0
6

.0
6

.2
8

.4
9

16
7

12
12

5
52

31
.1

5
.9

4
.7

.3
1

/1
0

N
+

N
a

.4
7

1.
21

6
.1

8
6

.6
3

.2
6

.2
2

20
0+

21
52

87
14

.5
1

.6
5

.9
.4

N
H

4N
03

1.
25

1
.1

6
1.

53
8

.1
3

.3
9

.4
8

16
9

13
57

62
32

.3
4

.5
4

.5
.4

U
re

a
1.

51
.9

4
1.

39
7

.5
3

.3
2

.4
3

14
6

11
65

12
4

17
.4

2
.0

5
.3

.6
N

H
4+

+
C

aC
0

3
1.

23
1

.2
2

1.
81

9
.9

9
+

.4
6

.2
8

20
0+

16
47

17
0

17
.2

2
.2

3
.4

.3

S
te

m
s

C
o

n
tr

o
l

.4
5

.6
2

.0
5

4
.4

4
.2

6
.5

2
14

5
9

54
77

29
.5

4
.0

2
.1

<
0

.1
1

/2
0

P
.5

9
.4

3
.0

5
3

.2
0

.2
1

.7
9

15
4

5
46

48
35

.7
5

.3
1

2
.6

<
0

.1
N

o
F

e
.2

9
.5

0
.0

5
4

.0
8

.2
7

.6
6

16
5

19
17

68
46

.3
4

.7
1.

8
<

0
.1

1
/2

0
K

.1
9

.8
8

.3
6

3
.7

1
.3

1
.6

6
20

0
13

37
92

28
.1

3
.8

2
.8

<
0

.1
1

/1
0

N
.1

8
.6

1
.2

2
4

.8
7

.2
7

.5
3

12
3

12
57

63
22

.1
2

.2
3

.8
<

0
.1

N
o

Z
n

.7
5

.6
7

.0
5

4
.1

4
.2

3
.3

8
20

0
5

30
55

27
.8

3
.3

1
.1

<
0

.1
1

/1
0

M
g

.5
7

.5
6

.1
2

3
.4

1
.1

1
.6

1
16

1
8

42
76

24
.8

3
.7

1.
5

<
0

.1
N

a
1.

17
51

.3
9

2
.5

5
.2

3
.3

6
12

8
6

38
69

28
1

.4
5

.0
2

.3
<

0
.1

1
/1

0
N

+
N

a
.2

2
.4

9
1.

02
3

.0
2

.2
1

.3
3

14
1

7
50

59
23

1
.6

3
.9

1.
9

<
0

.1
N

H
4N

03
.5

4
.5

7
.0

7
3

.0
0

.1
7

.3
0

15
5

6
24

56
25

1
.1

3
.3

1.
4

<
0

.1
U

re
a

.4
6

1.
18

.0
5

7
.5

9
.2

8
.4

5
15

4
8

29
84

36
.9

5
.7

2
.1

<
0

.1
N

H
4+

+
C

aC
0

3
.3

9
1.

20
.1

0
8

.0
8

.2
8

.2
9

20
0

9
20

93
27

1
.0

6
.4

2
.2

<
0

.1



T
ab

le
7

co
n

ti
n

u
ed

.

T
re

a
tm

e
n

t
Y

ie
ld

P
N

a
K

M
g

C
a

Z
n

C
u

F
e

M
n

B
C

o
N

i
M

o
C

r
g

%
%

%
%

%
p

p
m

p
p

m
p

p
m

p
p

m
p

p
m

p
p

m
p

p
m

p
p

m
p

p
m

R
o

o
ts

C
o

n
tr

o
l

.1
4

1
.

00
.0

5
3

.0
6

.2
6

.1
2

20
0+

24
1

6
0

0
1

6
2

1
8

4
.2

2
.7

2
3

.4
0

.1
1

/2
0

P
.1

9
.5

1
.0

5
1

.1
6

.1
2

.2
2

20
0+

24
1

1
4

0
63

16
4

.7
1

.0
1

4
.0

0
.1

N
o

F
e

.1
0

.8
7

.1
6

1
.8

1
.5

3
.2

7
20

0+
1

7
1

5
5

1
1

0
19

3
.4

3
.6

1
9

.9
1

.3
1

1
2

0
K

.0
9

1
.1

8
.0

5
3

.1
4

.4
4

.2
1

20
0+

3
2

2
0

1
9

95
23

5
.0

6
.0

3
1

.2
<

0
.1

1
/l

0
N

.1
7

.7
9

.0
5

4
.1

7
.3

9
.1

0
20

0+
33

16
03

1
1

4
1

4
1

.0
4

.9
1

8
.7

<
0

.1
N

o
Z

n
.2

2
.6

7
.0

5
4

.2
3

.3
7

.1
1

20
0+

21
1

7
0

0
1

5
5

1
6

2
.1

5
.6

1
4

.4
<

0
.1

1
/1

0
M

g
.1

8
.5

5
.0

5
4

.1
6

.1
8

.1
1

20
0+

25
1

2
1

2
19

5
16

2
.7

6
.1

1
9

.2
<

0
.1

N
a

.4
5

.7
3

.2
1

2
.1

5
.3

1
.0

5
20

0+
1

4
1

1
5

2
1

5
4

1
6

3
.5

5
.0

1
4

.5
<

0
.1

1
/l

0
N

+
N

a
.1

9
.6

3
.7

3
1

.5
6

.2
9

.1
2

20
0+

2
4

1
1

5
5

10
5

17
3

.0
3

.1
1

7
.3

<
0

.1
N

H
4

N
0

3
.1

1
.6

3
.0

5
2

.5
7

.2
4

.0
9

20
0+

24
1

8
2

0
1

3
9

19
3

.6
5

.4
2

5
.0

<
0

.1
U

re
a

.2
2

.4
8

.0
5

2
.6

3
.3

6
.1

0
20

0+
17

79
3

1
5

1
21

3
.5

4
.8

5
.3

<
0

.1
N

H
4+

+
C

aC
0

3
.1

1
.5

2
.0

7
3

.2
9

.5
0

.0
9

20
0+

27
5

7
6

17
3

15
4

.4
8

.1
2

.3
<

0
.1

T
ab

le
8.

R
es

p
o

n
se

o
f
~
.

co
n

fe
rt

if
o

li
a

cu
tt

in
g

s
to

so
il

te
m

p
e
ra

tu
re

an
d

m
in

e
ra

l
co

m
p

o
si

ti
o

n
o

f
th

e
p

la
n

ts
o

n
th

e
d

ry
w

ei
g

h
t

b
a
si

s.

S
o

il
D

ry
w

t
P

N
a

K
C

a
M

g
Z

n
C

u
F

e
M

n
B

M
o

S
r

B
a

te
m

p
.

D
C

m
g

%
%

%
%

%
p

p
m

p
p

m
p

p
m

p
p

m
p

p
m

p
p

m
p

p
m

p
p

m

11
75

0
1.

3
4

.2
0

>
1

0
.8

8
.7

2
1

5
7

4
7

1
2

2
3

2
5

1
6

0
6

.1
32

52
21

4
0

4
0

1
.3

9
.1

1
>

1
0

1
.1

0
.7

7
2

0
0

5
9

3
4

1
4

1
1

1
0

9
7

.8
44

72
33

3
2

0
0

1
.3

7
.2

0
>

10
1

.3
8

.7
7

2
0

0
63

52
8

43
5

1
3

0
7

.7
56

10
6



T
ab

le
9.

Y
ie

ld
s

an
d

m
in

e
ra

l
co

m
p

o
si

ti
o

n
o

f
p

la
n

t
p

a
rt

s
o

f
~
.

h
y

m
e
n

e
ly

tr
a

g
ro

w
n

in
so

il
a
t

3
d

if
fe

re
n

t
le

v
e
ls

o
f

so
d

iu
m

c
h

lo
ri

d
e
.

*
(D

ry
w

ei
g

h
t

b
a
si

s.
)

T
re

a
tm

e
n

t
P

la
n

t
p

a
rt

s
N

a
K

C
a

M
g

C
I

P
Z

n
C

u
M

n
B

F
e

N
a

le
v

e
l

%
%

%
%

%
%

p
p

m
p

p
m

p
p

m
p

p
m

p
p

m

0
T

o
p

le
a
f

2
.1

8
9

.6
4

.7
3

.6
2

.6
3

.8
4

1
2

4
3

4
1

9
0

4
6

4
8

M
id

d
le

le
a
f

3
.0

8
9

.5
2

.7
1

.6
5

.6
6

1
.3

3
15

3
4

4
2

3
0

4
4

4
9

B
o

tt
o

m
le

a
f

3
.1

7
9

.9
8

.7
2

.6
4

-
1

.5
0

1
5

4
53

2
1

2
4

0
74

T
o

p
st

e
m

0
.3

3
8

.5
9

1
.

03
.4

2
.4

9
.5

5
87

13
1

2
5

2
5

15
M

id
d

le
st

e
m

0
.2

3
4

.9
5

1
.

04
.3

3
.3

9
.6

1
72

15
1

4
7

23
12

B
o

tt
o

m
st

e
m

0
.0

5
2

.4
2

0
.9

9
.2

7
.0

8
.5

0
70

1
8

1
9

7
1

4
1

9
R

o
o

t
0

.0
5

1
.

98
0

.9
2

.3
3

.1
8

.4
0

5
6

3
1

2
8

6
13

3
9

9

1
T

o
p

le
a
f

8
.3

2
9

.3
3

0
.7

2
.4

8
9

.9
5

.8
7

1
5

0
3

4
2

4
1

3
7

4
6

M
id

d
le

le
a
f

8
.3

2
9

.4
5

0
.9

4
.5

6
9

.8
1

1
.

26
18

5
4

1
2

8
1

3
9

5
8

B
o

tt
o

m
le

a
f

7
.4

0
9

.1
5

0
.7

2
.5

1
8

.6
6

1
.3

1
1

5
5

4
4

2
5

6
3

5
77

T
o

p
st

e
m

3
.8

2
6

.7
5

1
.2

8
.3

5
3

.4
4

.6
1

56
13

1
5

8
25

1
7

M
id

d
le

st
e
m

1
.

67
4

.9
5

1
.

09
.2

7
1

.3
8

.5
8

77
1

6
19

3
21

1
6

B
o

tt
o

m
st

e
m

0
.1

1
2

.6
0

1
.1

6
.2

5
.7

3
.5

9
79

2
0

2
5

5
15

3
0

R
o

o
t

0
.0

5
2

.2
0

1
.

06
.3

5
.7

6
.4

5
55

2
9

3
1

7
1

3
4

3
9

5
T

o
p

le
a
f

9
.5

2
9

.7
2

0
.6

6
.4

7
9

.4
5

.8
6

1
6

1
3

8
23

3
2

7
4

9
M

id
d

le
le

a
f

9
.1

6
9

.3
1

0
.9

0
.5

1
8

.1
5

1
.

02
1

5
2

4
1

2
6

7
3

4
5

1
B

o
tt

o
m

le
a
f

8
.7

4
9

.7
3

0
.7

8
.5

4
6

.4
9

1
.

07
1

6
0

4
4

2
5

1
3

3
5

9
T

o
p

st
e
m

5
.0

9
7

.2
2

1
.1

9
.2

9
5

.3
0

.5
5

81
15

1
3

1
23

1
8

M
id

d
le

st
e
m

2
.9

0
5

.3
8

1
.1

9
.2

9
2

.7
8

.5
1

78
1

8
1

7
2

23
1

7
B

o
tt

o
m

st
e
m

0
.6

2
3

.0
3

1
.

2
2

.2
6

1
.2

8
.5

0
66

25
2

2
7

2
1

25
R

o
o

t
0

.1
0

2
.5

8
.9

9
.3

9
.6

1
.4

2
65

3
0

3
4

6
13

4
9

8

*
M

ea
n

s
o

f
9

p
la

n
ts

.
T

o
ta

l
d

ry
p

la
n

t
w

ei
g

h
t:

0
N

a
=

1
3

.2
±

1
.4

;
1

N
a

=
1

3
.3

±
1

.3
;

5
N

a
=

1
2

.1
±

1
.8

.



184

16

(fl
o<.J
~::;: lv'

« ;§"
0: 12 A.:.
(9

~'"-i
« q.~

a: $~
w

8
A.:. 'V

I-
~«

::;: '"I-
Z
« 4-I
0-

r
0:
0

DESERT PLANT ECOLOGY

Figure 13. ~. confertifolia growth response to variations in air
and soil temperature.

diate. The high concentrations of sodium in leaves indicate possible presence
of salt glands. A microscopic examination of the leaf structure indicates a
thin layer of green palisade cells surrounded on both top and bottom by a heavy
relatively wide cork layer. Within the cork layer salt glands may be located,
but we have not confirmed this as yet. Chatterton et al. (1970) suggest that
most of the absorbed salt by~. polycarpa may be localized in the trichomes
and therefore essentially isolated from the mesophyll tissues. A potassium
gradient in the plants somewhat similar to that of sodium was observed. Chlo
rine behaved similarly. This occurred for each salt treatment. At the high
salt level, top leaves contained nearly 10% on the dry weight basis of sodium,
chlorine, and potassium. Leaves had very high levels of phosphorus and zinc
but they were low in boron. This species is supposedly tolerant of high boron
levels; low uptake may be the reason. Calcium contents of stems were higher
than that of leaves. Magnesium levels were higher than for most plant species.

The low sodium contents of roots was noteworthy. In contrast to bush
beans, which do retain sodium, the~. hymenelytra roots retained virtually
none. The high degree of tolerance of this species for sodium seems to be re
lated to its ability to transport it from roots, where it is not stored, to inac
tive sites in leaves as indicated by leaf anatomy studies.

Growth response of~. hymenelytra to air and root temperatures is shown
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DESERT PLANT ECOLOGY

Figure 14. ~. hymenelytra growth response to variations in air
and soil temperature.

in Figure 14. This species grows best at high air and soil temperatures which
one might expect since it naturally occurs in areas more conducive to having
these extreme environmental conditions.

~. confertifolia (Figure 15) was slightly more susceptible to gamma radi
ation from a 60Co source than was ~. canescens (Figure 16). Repeated tests
indicated that the lethal dose for A. confertifolia was 6 to 7 kR and for A.
canescens, 10 to 11 kR. Plant response to an acute dose (single intense expo
sure) is evidenced by cessation of growth, yellowing and wilting of foliage,
then defoliation-all of which progressively occur over a 3 to 6 week period.

Mineral composition of leaves of plants grown in the field is given in Table
10. As is well known, sodium contents of~. confertifolia and~. hymenelytra
were much higher than that of~. canescens. Zinc and copper contents gener
ally were low in all three species. The potassium contents were high as also
occurs when these species are grown under laboratory conditions. Silicon con
tents of leaves were higher than for most species. It is not known if this con
tributes to drought tolerance.



Figure 15. (leftb Response of ~. confertifolia to acute gamma
radiation from 6 Co source; lethal dose range 6 to 7 kR.

Figure 16. (right) Effects of an acute dose of gamma radiation on
~. canescens; lethal dose 10 to 11 kR.

Summary

Growth of~. confertifolia in solution culture appeared to respond to sodi
um, at least when other nutrients were not limiting. The yield response was
obtained in the presence of a relatively high level of potassium. The potassi
um content of foliage of plants responding to sodium was over 5% of dry weight.
A sharp gradient of sodium and potassium content exists in A. confertifolia
and~. hymenelytra with leaves higher than stems, and stemhigher than roots.
A major peculiarity of laboratory grown~. confertifolia plants was a high zinc
content of leaves, stems, and roots, although this did not hold for field-grown
plants. Yields were also increased by sodium for ~. canescens, but sodium
and potassium contents were much lower than for A. confertifolia and the leaf
stem-root gradient was poorly pronounced and in one case reversed. ~.
canescens seemed to be resistant to absorption of large quantities of sodium.
~. canescens was slightly sensitive to low soil pH, but seemed insensitive to
the presence or absence of CaC03 in the soil. ~. canescens had a higher soil
temperature optimum than~. confertifolia and this may explain its wider dis
tribution, especially into the hot deserts. Cuttings of~. confertifolia, ~.

canescens, and~. hymenelytra rooted, but~. confertifolia seems to lose this
ability as shoots become old. A. canescens is more widespread than other
Atriplex species, and may be more tolerant of high salt levels than A. confer
tifolia.

Mineral composition of field-grown plants indicated that~. canescens
leaves contained much lower contents of sodium than leaves of A. confertifolia
or ~. hymenelytra. ~. confertifolia was slightly more sensitive to gamma ir
radiation than was ~. canescens. Silicon contents are higher than for most
species.

Note: A recent report indicates that yield responses due to salt with Atriplex
occur with low humidity but not with high humidity; it is a matter of salt over
coming high evaporative demand (Gale et al., Aust. J. Biol. Sci. 23:947-952,
1970).



CHARACTERISTICS OF YUCCA SPECIES

y. SCHIDIGERA, y. BREVIFOLIA, AND y. BACCATA

Yucca schidigera Roezl ex Ortgies (Figure 1) is a common consituent of
Larrea communities in south Frenchman Flat and in many other valleys of the
Nevada Test Site (Beatley, 1969). It occurs between 900 - 1100 m in southern
Nevada. Yucca brevifolia Engelm. in Wats., (Figure 2) occurs at slightly
higher elevation than y. schidigera. According to Beatley it occurs in upper
Larrea, Grayia- Lycium, and lower Coleogyne associations (Beatley, 1965).
Yucca baccata Torr., in Emory (Figure 3), occurs at elevations of around
1500-2100 m (Beatley, 1969).

Shreve and Wiggins describe these three species as follows (Shreve and
Wiggins, 1964):

Yucca schidigera Roezl ex Ortgies, Gartenfl. 20:110, 1871.

Shrub or small tree 1 - 5 m high; trunk simple or branched above,
15 - 25 cm in diameter; leaves 30 - 50 cm long, 3 - 4 cm wide, concave,
smooth, stout-pungent at apex, coarsely filiferous along grayish to light
brown margins; inflorescence a crowded, erect, sessile or short-scapose
panicle 4 - 6 dm high; perianth segments creamy white or lightly tinged
with purple, 2.5- 4.5 cm long, acute filaments slender, glabrous ex
cept at apex, there somewhat puberulent, equaling pistil; style 0.5 - 2

Figure 1. (left) y. schidigera in bloom in Mercury Valley. It grows
at elevations from 9QO to 1100 in southern Nevada. This plant is over
30 years old.

Figure 2. (right) y. brevifolia a monocotyledonous tree prominent
in the Mojave Desert. It grows at elevations from 1000 to 1500 m
at the Nevada Test Site. This plant is over 200 years old.

188
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mm long, pistil 1. 5 - 2 cm long at anthesis; fruit 5 - 10 cm long, nar
rowly ovoid to oblong, often variously constricted, baccate, with white,
sweetish flesh; seed black, lustrous.

Arid hills and along desert washes, Lower and Upper Sonoran Zones,
San Diego County, California, to southern Nevada, western Arizona, and
northern Baja California. March - April.

Yucca brevifolia Engelm., in S. Wats., Bot. King Expl. 496, 1871.

Tree 5 - 12 m high with a roughened trunk 5 - 9 dm in diameter and
openly branched to form a rounded head in older trees, young trees un
branched and clothed to the ground with persistent, reflexed leaves;
leaves rigid, sharp-pointed, radiately spreading at ends of branches,
10 - 15 mm wide, 15 - 30 cm long, somewhat 3-sided, minutely but
sharply denticulate; panicle sessile, dense, 25 - 40 cm high, erect,
branches often short-hispid; flowers oblong to subglobose, greenish
white, perianth segments 25 - 30 mm long; fruit ovoid, 5 - 10 cm long,
2 - 4.5 cm in diameter, indehiscent, dry and spongy; seeds flattened,
obovate to nearly orbicular, 7 - 8 mm long, black, dull to somewhat
lustrous.

Desert slopes and hillsides, Lower Sonoran Zone, mostly in the Mo
jave Desert but occasionally entering the extreme northern part of the
Sonoran Desert near Needles, California. March - May.

Yucca baccata Torr., in Emory, Bot. Mex. Bound. 221, 1859. var. bac
cata.---

Figure 3. (left) y. baccata which grows at elevations of 1500 to
2000 m at the Nevada Test Site.

Figure 4. (right) Ring structure appearance in base stem of y.
brevifolia.
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Plant usually simple but sometimes in clumps of 2 - 6 individuals;
stems very short or to 1 m long and procumbent; leaves 5 - 7.5 dm long,
2.5 - 4 cm wide at about middle, tapering gradually to apex and nar
rowed slightly toward base, usually somewhat twisted or falcate, rigid
except near union with basal part, scabrous on both surfaces, blue
green or yellow-green, moderately glaucous; leaf margins separating
into coarse, flattish fibers along upper half of leaf, persistent fibers
1 - 10 cm long, recurved; terminal spine 1. 5 - 7 cm long, stiff; scape
10 - 15 cm long, stoutish; inflorescence to 7.5 dm tall, 2.5 - 4.5 dm.
in diameter, ovoid; pedicels 7 - 40 mm long; flowers 5 - 15 cm long,
campanulate, perianth segments expanding only slightly in anthesis,
fleshy, denticulate along margins, inner 4 - 5 mm wider than outer
ones; stamens 3 - 4.5 cm long, clavate tip nearly horizontal at anthesis;
pistil 5 - 8 cm long; style 5 - 7 mm long; fruit fleshy, 12 - 17 cm long,
5 - 6.5 cm in diameter at base, tapering toward apex.

Desert slopes and mountainsides, Lower and Upper Sonoran Zones,
eastern Mojave Desert, California, to southwestern Colorado and south
into central Arizona, most of New Mexico, and southwestern Texas.
April - July.

Species of Yucca attain fairly old age. New growth in y. schidigera occurs
via production of 6 new leaf blades at a time. On specimens on which old
growth was identified with a thin coating of water-based paint, either 2 or 3
sets of new leaves per plant were produced in 1967. Three sets were produced
in 1968; two to four were produced in 1969. Using these as averages, and by
counting leaf blades, the age of some of the individuals in Mercury Valley ap
proaches 200 years.

Yucca brevifolia, even though a monocot, has annual growth rings because
it has a peculiar cambium layer. This layer, however, does not produce new
xylem on the inside and phloem on the outside, but produces on the inner side
a succession of new "closed" bundles of small size, each containing both xylem
and phloem tissue (Holman and Robbins, 1939). These give a ring structure
appearance to a cross section of a Y. brevifolia stem.

Y. brevifolia growth rings can be easily counted in the base of the shoot
(Figure 4). The base of the shoot has bark and evidently a cambium layer. On
one very young plant we counted 120 leaf blades or 20 sets of 6 as was the case
in y. schidigera. The stem had 12 "growth" rings; if these were annual rings
it would then have had 1 2/3 sets of new leaf blades per year. Another large
plant had 28 "growth" rings; it had 188 green blades, 200 dead blades, and the
calculated length of the remaining bared stem from which leaf blades had drop
ped would involve space (0.45 cm per 6 blades) for 100 more previous blades as
an estimate. This averages 17 blades per "growth" ring or roughly 3 sets per
"growth" ring. We know that in a favorable year more than 3 sets of 6 blades
can be developed. In 1969 from 6 to 8 sets of 6 blades were developed on y.
brevifolia due to the large amount of rain. In some years fewer than 3 sets
are developed but the average seems to be around 3. This would indicate the
feasibility of estimating age either by leaf blade count or from height of plants
(1~ cm per year). Accordingly, some of the mature y. brevifolia in Yucca
Flat would exceed 200 years of age. Campbell and Keller (1932) reported
that Yucca elata grew at an average rate of 2~ cm per year from which
age could be estimated. y. brevifolia and y. schidigera grow at about 1~

cm per year.

y. schidigera does not flower every year. Recent years favorable for flow-
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Figure 5. Pack rat nest at
the base of y. schidigera.
Note how rats chew on the
leaves of this shrub.

191

ering at the Nevada Test Site have been 1961, 1966, 1969. If a new shoot does
not form at the side, the old stalk may die and a new shoot will form at the
base. This results in the characteristic multishoot individuals having live and
dead stalks. In y. brevifolia, new stalks grow from the side of the old flower
to give the characteristic branched form in this species. Cattle graze on Yucca
blossoms when the blossoms can be reached.

Pack rats build nests around the base of y. schidigera and pile up large
quantities of pebbles and debris in the process (Figure 5). They use the succu,...
lent leaf blades of this shrub for food and/or water.

Experimental Results

Young seedlings of the Yucca species are relatively sparse in the field
study areas. Germination appears to occur readily; however, seedling sur
vival appears to be dependent upon a consecutive sequence of favorable climat
ic conditions,. once germination has occurred. The presence of distinct ranks
of y. brevifolia representing a common age among the population would indicate
that successful new seedling establishment might occur only a few times dur
ing a given century (Table 1). This period of sensitivity for'seedling survival
in the field appears to be from three to five years duration (Figure 6). At
sprinkler-irrigated study plots near Mercury, Nevada, we found markedly
greater survival of y. schidigera seedlings after three years of supplemental
moisture than occurred in the adjacent non-irrigated plots.

The data in Table 1 are of considerable interest in that they indicate suffi
cient young shrub survival in the field to maintain the plant population. The
total number of individuals in these ranked heights (0.5 m increments) were
surprisingly uniform when less than 3 m tall. The reduced numbers of taller,
and presumably older, shrubs suggest that height may not be a valid estimate
for aging very mature plants. These taller shrubs engage in much subbranch
ing, and we counted as many as 76 branch apexes on plants greater than four
m tall. Among the 347 total individuals growing in the 30 X 180 m transect
area, there were remains of 72 dead plants in various stages of decay. Five
had died so recently that their leaves were still solidly attached, but more than
half of them were in very advanced stages of decay. The increasing sparsity
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Table 1- Size distribution of y. brevifolia population in plots transecting
a bajada in southwestern Yucca Flat.

Number of shrubs ranked in height (meters)

Plot* 0-.5 .5-1 1-1. 5 1. 5-2 2-2.5 2.5-3 3-3.5 3.5-4 4-4.5 4.5-5

(Upper bajada in climax vegetation)

1 4 4 1 2 1 3 3 5 1 1
2 6 9 5 1 0 3 2 4 1 0
3 1 8 3 2 3 2 4 6 0 1
4 3 7 4 1 1 2 7 5 1 1
5 1 2 4 5 3 1 1 3 5 2
6 10 5 9 14 9 11 5 1 1 0
7 13 7 8 6 6 9 1 3 2 2
8 6 1 8 6 6 9 1 2 2 1
9 1 0 3 0 4 7 2 0 0 1

10 4 4 3 1 8 2 1 0 0 0

(Lower bajada demarcation line)

Total 48 47 48 38 41 49 27 29 21 8

*A census was made of y. brevifolia in a transect 30 m wide by 1800 m long
down a bajada in southwestern Yucca Flat. The transect extended from well
into the climax stand down the slope onto the playa where y. brevifolia ceases
to grow. Shrubs growing in adjacent plots, 30 X 180 m, were ranked according
to height in 0.5 m increments.

of mature shrubs near the lower bajada demarcation line suggests either that
y. brevifolia might be advancing from the bajada onto the playa or the edaphic
and!or climatic factors prevent shrubs from reaching advanced states of ma
turity nearer the playa.

Figure 6. New y. brevi
folia seedlings growing in
western Yucca Flat basin.
These seedlings are from
3 to 5 years old.
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The mineral composition of field-grown y. brevifolia leaves is shown in
Table 2. Phosphorus and potassium contents of leaf blades decreased with age,
while sodium, calcium, silicon, iron, boron, aluminum, and titanium increased
with age. Content of sodium was small.

Seeds of y. brevifolia and y. schidigera germinate readily in artificial en
vironments. The seedlings of these species seem to prefer a soil temperature
of 18°C over 10° C or 35° C. Of most interest was the great effect that soil
temperature had on the relative growth of top to root as shown in Figure 7 for
X. schidigera. The proportion that was root decreased greatly with increasing
soil temperature. Results are indicative of a temperature-related root
produced regulator. Yields of X. schidigera plants grown 6 months and of Y.
brevifolia grown 3 months at different soil temperatures are in Table 3 along
with mineral analyses.

y. schidigera appeared to be sensitive to soil pH in that shoot weight de
creased when grown for 90 days in Yolo loam soil with 10% added CaC03; mi
cronutrient contents were related to soil pH (Table 4). Experiments with y.
brevifolia gave similar results. This fits the observation that it tends to grow
in noncalcareous soil (Cannon, 1960). Calcium and molybdenum contents were
reduced with decreasing soil pH. On the other hand potassium, phosphorus,
copper, iron, manganese, and zinc increased with decreasing pH.

Table 4. Top yields and mineral composition on the dry weight basis
of leaves of y. schidigera grown in Yolo loam soil with and
without excess CaC03 and sulfur.

Measurement CaC03
(pH 7.5)

Control
(pH 6.0)

Sulfur
(pH 4.2)

Leaf wt, g/plant 0.61
Stem wt, g/plant 0.45
Ca, % 2.11
K, % 3.19
Mg, % 0.58
Na, % > 0.20
P, % 0.18
B, ppm 38
Cu, ppm 7
Fe, ppm 107
Mn, ppm 41
Co, ppm Trace
Mo, ppm 6.4
Zn, ppm 8

Means of determination from 3 plants.

1. 65
0.44
1. 60
3.95
0.57

> 0.20
0.45

26
12

181
66

Trace
2.5
5

1.52
0.39
1.30
4.17
0.54
0.16
0.59

29
20

278
273

1.8
1.2

17

y. schidigera seedlings were grown for 30 days in a complete nutrient so
lution, except for additions of Na2S04 equivalent to 0, 1, 5, 10, and 30 me per
liter in 1800 ml pots. Upon harvest the plants were washed in 1/10N HCI and
water, dried, weighed and ground in preparation for spectrographic-analysis.
The results in Table 5 indicate that the Na2S04 was not toxic, that y. schidi
gera did not absorb large amounts of sodium, that sodium tended to remain in
roots, that calcium contents were relatively low, that the metals zinc, copper,
iron, manganese, and aluminum tended to concentrate in roots, that zinc con-
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Figure 7. X. schidigera
seedlings after 6 months
growth at 10CC (left), 1ifc
(center), and 35CC (right)
root temperature.

tents were relatively high.

Experiments with Y. brevifolia gave similar results except that Y. brevi
folia absorbs less sodium than X. schidigera and seems to be more tOierant of
it. In the field this species seems to be distributed more into valleys than Y.
schidigera, and its salt tolerance may be the reason. -

X. schidigera seedlings were irradiated with an acute dose of gamma radi
ation from the 10,000 curie 60Co source at levels of 0, 4, 8, 12, 16, 20, 24,
28, 32, and 36 kR to test tolerance of this species to ionizing radiation. The
seedlings were then planted into 3 kg of Yolo loam soil and grown for 1 year with
periodic applications of nitrogen fertilizer. Upon harvest they were photographed
(Figure 8), weighed and assayed by emission spectrography for mineral con
tents. The lower levels of radiation (4 - 12 kR) appeared to stimulate yields,

(t., ... ;.1'..,., / .........•....•............... ,...•...•.....•......

; 'p "~t, .. _·.

Figure 8. Growth of Y. schidigera one year after acute irradiation.
from a 60Co source. Exposure levels were (from left) 0, 4, 8, 12,
16, 20, 24, 28, 32, 36 kR.
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while levels above 20 kR decreased yields (Table 6). Mineral analyses (Table
7) indicated a trend for plants subjected to higher levels of radiation to have
more phosphorus and less potassium in shoots than did controls. Most of the
micronutrients analyzed tended to increase in shoots of plants which had re
ceived higher levels of radiation.

Table 6. Yield of y. schidigera irradiated with different levels of acute
gamma radiation from a 60Co source and then grown for 1 year
in soil in the glasshouse.

Radiation
level (kR)

o
4
8

12
16
20
24
28
32
36

Table 7.

Root Top Total Top/root
g dry weight per plant ratio

3.69 5.64 9.33 1. 53
5.18 8.54 13.72 1. 64
5.21 8.65 13.86 1. 66
6.78 7.41 14.19 1. 09
5.10 5.70 10.80 1.11
1. 93 5.31 7.24 2.75
1. 98 3.19 5.17 1. 61
1. 70 2.18 3.88 1. 28
1. 15 2.90 4.05 2.52
1. 02 0.98 2.00 0.96

Mineral composition of shoots of y. schidigera seedlin§.s ir
radiated with acute doses of gamma radiation from a 6 Co
source and then grown in Yolo loam soil for 1 year.

Radiation Na P K Ca Zn Cu
level (kR) %of dry weight ppm of dry weight

0 0.10 0.21 2.87 3.14 3 4
4 0.10 0.30 3.51 3.92 5 6
8 0.04 0.21 2.96 2.74 8 4

12 0.04 0.25 3.35 2.01 20 6
16 0.10 0.17 3.62 3.11 10 4
20 0.09 0.29 3.84 2.05 13 7
24 0.10 0.84 2.00 4.40 12 17
28 0.10 0.86 1. 98 3.55 21 12
32 0.10 1. 00 2.08 2.60 13 25
36 0.12 1. 02 1. 77 3.35 12 20

Mn B Al Ti Fe Mo Ni

ppm of dry weight

0 85 46 352 22 213 1.0 5
4 87 37 960 80 408 1.3 7
8 132 51 85 3 186 0.5 2

12 256 200 271 12 264 1.6 6
16 226 161 423 20 258 1.2 4
20 257 219 158 6 212 0.7 8
24 172 129 2186 412 784 2.5 13
28 225 146 2112 448 665 2.4 14
32 302 321 1934 570 681 4.0 17
36 124 157 1948 453 694 4.3 16
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Summary

Age of Yucca schidigera and Yucca brevifolia can be estimated reasonably
well by either counting vascular bundle rings or by counting numbers of blades,
or from measuring height. The first method requires sacrificing the plant.
On plants sprayed with water-base paint to differentiate between previous and
new year's growth, an average of 18 new leaf-blades in 3 sets of 6 normally
developed each year for both species. More or less of these sets of leaves
may develop in the unusually:wetor dry years. There is some evidence that the
y. brevifolia population is advancing down the bajada onto the playa in Yucca
Flat. These Yucca plants do not flower each year. Y. brevifolia is more tol
erant of salt than is y. schidigera and it absorbs lesssodium-factors which
may be involved in the natural distribution of these species. Both species of
Yucca seedlings grew best at root temperatures near 18° C and without CaC03
in the soil. Acute levels of gamma radiation prior to a subsequent year of
continued growth in soil resulted in a slight growth stimulation from 4 to 12 kR,
followed by a suppression of growth as the dosage levels were increased to
36 kR. Gamma radiation treatments had great influence on the ion transport
processes in these plants.



CHARACTERISTICS OF COLEOGYNE RAMOSISSIMA (BLACKBRUSH)

Coleogyne ramosissima Torr. occupies an intermediate spot between the
Mojave and Great Basin Desert vegetation at the Nevada Test Site. It is a
dominant shrub on upper bajadas of drainage basins at elevations ranging from
900 to 1800 m (Beatley , 1965).

Shreve and Wiggins (1964) giye it the following description:

Coleogyne ramosissima Torr., Pl. Frem. 8 Q!. i, 1854.

Rounded or straggly shrub 0.3 - 2 m high; bark gray, finely striate
fissured; leaves appearing fasciculate but opposite and closely crowded
on lateral spurs, linear-oblanceolate, 4 - 11 mm long, obtusish and
often mucronulate at apex, plane or nearly so above, 4-grooved beneath,
canescent with centrally attached, 2-branched hairs lying horizontal
with surface; stipules subtriangular, 1 mm long or less, persistent
after leaf blade falls; calyx lobes 6 - 8 mm long, outer pair ovate to

Figure 1. Nearly pure stand of Q. ramosissima on the bajada of
western Yucca Flat drainage basin.



Figure 2. Common shrub form
of Q. ramosissima growing at
the Nevada Test Site.

lanceolate, acute, inner pair ovate to obovate, obtusish or acute, ab
ruptly mucronulate; sheath membranous, about equaling calyx lobe,
gradually tapering toward 5-toothed apex, silk-villous within, glabrous
without; fruit an ovate, slightly curved, glabrous achene 6 - 8 mm long.

Its distribution according to Benson and Darrow (1954) is on slopes and
mesas in the upper creosote-bush desert and the lower sagebrush desert at
920 to 1540 m elevation. It occurs in California, in the Mojave Desert and on
the western border of the Salton Sea basin of the Colorado Desert, southern
Nevada, Utah, southwestern Colorado, northern Arizona along the Colorado
and Little Colorado River drainages and southward in the Mojave Desert in
Mohave and Yavapai Counties. Benson and Darrow further note that the dark
gray bark of this densely branched shrub turns black when wet, hence the name
"Blackbrush." C. ramosissima occurs abundantly in southern Utah and north
ern Arizona, and it forms pure stands in large areas in the transition region
between the creosote-bush and sagebrush deserts. The shrub is eaten partic
ularly by sheep and goats and withstands heavy grazing.

Nearly pure stands of C. ramosissima also occur at the Nevada Test Site
(Figure 1), and it is almostalways associated with course textured to stony
soils. The form of this shrub is normally compact and symmetrical (Figure 2),
consisting of a cluster of multi-stem segments which, when pulled apart, are

Figure 3. Exposedmulti-stem
and root system of the shrub
in Figure 2.
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attached to separate segments of the root system (Figure 3). This stem and
root segmentation becomes more pronounced in mature shrubs as illustrated
in Figure 4. Another interesting characteristic of this shrub is its ability to
survive in very shallow soils over increasingly impervious hard pan formations
of the type illustrated in Figure 4. The root system penetrates to the hard
pan layer and then spreads in all directions. The chunk of material from the
hard pan layer shown in Figure 4 was obtained only after considerable effort
with a heavy pick and pry-bar. The area of shallow, hard pan soil examined
had less than one half the density of shrubs present on deeper soils nearby,
indicating an accomodation of the shrub population to the differences in avail
able moisture.

Like many other species at the Nevada Test Site in the summer of 1967
and 1968 following late July and August rains, the leafless and apparently dor
mant Q. ramosissima shrubs resumed growth with a new flush of leaves in
dicating that its dormancy is a matter of low soil moisture rather than of high
temperatures. It would therefore seem to have no chilling requirement, and
this was further indicated by its lack of response to chilling treatments under
laboratory conditions. In glasshouse studies we have had rooted cuttings of
this species remain evergreen for two successive years when supplied adequate
soil moisture. It does not appear to require a dormancy period for continued,
healthy growth.

Experimental Results

We have not collected many seeds of Q. ramosissima for laboratory studies

Figure 4. Pronounced segmentation of stem and root system of a
mature Q. ramosissima shrub.
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mainly because this species is one of the most easy to propagate vegetatively.
Cuttings from it root readily by putting the stem pieces into soil in a low hu
midity propagation chamber. Uniform cuttings have been obtained easily for
soil pot culture and hydroponic culture experiments. One disadvantage has
been that this species is the most susceptible to white fly infestation of all the
desert shrub species we have studied.

Q. ramosissima is one of the species for which the acetylene reduction
test indicates nitrogen fixation in roots. This species is a member of the fam
ily Rosaceae. Presumably this nitrogen fixation system is symbiotic since
this kind of process has been identified in three other members of the rose
family, Purshia (Wagle and Vlamis, 1961; Webster et al., 1967), Dryas
(Lawrence et al., 1967) and Cercocarpus (Vlamis et al., 1964). The endophyte
involved has proved to be actinomycetes. Actinomycetal symbiosis also may
occur with g. ramosissima; however, this is purely speculative since we have
made no attempts as yet to identify the system present and have only detected
that nitrogen fixation does occur in roots of this species.

Q. ramosissima is moderately sensitive to gamma radiation. The LD100
from acute doses of 60Co irradiation ranges from 6 to 10 kR; its susceptibility
is greater when in the more succulent state of growth.

Soil pot and hydroponic culture experiments show rooted cuttings of this
species to be moderately tolerant of salinity but we do not see evidence to sup
port this in the field. On the contrary, C. ramosissima is found only on non
saline soils, usually of calcareous nature. The sensitivity of seeds to salinity
may be a limiting factor governing field distribution of this species.

The mineral composition in samples of C. ramosissima from the field is
shown in Table 1. Leaves are low in sodium-and moderately high in calcium.
Leaf tissues normally contain about 2 per cent total nitrogen.

An experiment with rooted cuttings grown in Yolo loam at different root
temperatures showed that C. ramosissima grew better at 21°C than at 16 or
2SoC (Table 2, Figure 5). -This indicates that it is an intermediate temperature
zone plant just as it is found in the field. The leaves were high in calcium but
little related to soil temperature. Also these leaves from plants grown on
Yolo soil contained more sodium than did those grown in the field; of interest
is the high aluminum content of leaves of plants grown in the field and in the
glasshouse.

Seeds of C. ramosissima did not germinate when planted in vermiculite and
placed in the giasshouse with day temperatures between 25 and 30°C. The flat
containing both seed and vermiculite with moisture was placed in a refrigerator
at 5°C for 2 weeks before germination occurred. We routinely germinate seed
of this species now by placing them in the refrigerator after planting them in
vermiculite with moisture.

Summary

Coleogyne ramosissima occupies an intermediate zone between the Great
Basin and Mojave Desert vegetation. It occurs in mixed or in pure stands and
is associated with course textured to stony soils of calcareous nature. Nitro
gen fixation occurs in the root system of this shrub. Leaf tissues normally
contain about 2% total nitrogen. Vegetative propagation by rooted cuttings is
easy to accomplish with this species. Its growth is related to soil temperature
and appears to be optimal at about 21°C. Seeds of this species did not germi
nate in the glasshouse but did in vermiculite in a refrigerator at 5°C after two
weeks exposure. Rooted cuttings of this species are fairly resistant to salini-
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Figure 5. Q. ramosissima grew best at 21°C root temperature in
Yolo loam soil.

ty, but this is not evident in the field; sensitivity of seed to salinity may govern
field distribution. While normally high in calcium and low in sodium when
grown in the field, leaf tissues will accommodate moderate amounts of sodium
when rooted cuttings are grown in soil where more sodium is available. Leaves
were high in content of aluminum.



A STUDY OF A MEASURE OF SPECIES ASSOCIATION

BETWEEN PAmS OF PERENNIAL PLANTS

IN DESERT HARDPAN SOIL

This report discusses one of several phases of a research program at the
Nevada Test Site which is designed to investigate the ecological and physiolog
ical characteristics of perennial plant species native to the northern Mojave
Desert. A series of environmental study plots have been established to inves
tigate the effects of irrigation, fertilizer amendments, and herbicides on pri
mary productivity and radionuclide cycling of these perennial plants. Included
in this program are studies of the spatial relationships among the plants in
desert hardpan soil.

Spatial relationships among and within natural plant species commonly are
examined and characterized in terms of association, dispersion, patterning,
trend, etc. Early work in these areas of interest has been reviewed by Good
all (1952), Hanson (1958), Cain and Castro (1959) Whittaker (1962), and Mc
Intosh (1967). In recent reviews, Langford and Buell (1969) emphasized the
concepts of integration, identity, and stability in plant association, and Goodall
(1970) discussed the underlying principles and probable course of development
of statistical plant ecology. Among the well-known examples of efforts to
bring quantification into studies of natural vegetation are the works of Grieg
Smith (1964), Kershaw (1964), and Lambert and Dale (1964). Pielou (1969)
provided a particularly penetrating review of the mathematical and statistical
methods employed in these studies. One of her statements, in essence, sets
the theme for this work: ". • • If two co-occurring species are affected by the
same environmental factors, or if they have some effect, either favorable or
unfavorable, on each other, their patterns will not be independent; the species
will be associated, either positively or negatively. Association or the lack of
it among pairs and groups of species is therefore of obvious ecological interest
••• " (ibid. p. 159).

It is the purpose of this present report to describe a method of measuring
association which seems appropriate to the study of plants in Mercury Valley.
It is felt that this measure of association, which is based on a probabilistic
model, will indicate the strength of association (or counterassociation) between
species pairs. The quantitative evaluation of this measure of association tends
to support the investigators' subjective observations concerning the various
species pairs. Application of the method to other ecological associations is
straightforward, and its use should aid in clarifying many phenomena.

Field Methods

The site of the study area is Mercury, Nevada, near the waste water ponds
from the local sewage processing system. Close proximity to a source of ir
rigation water was one prerequisite for the overall research program. The
soil at this site is underlain by a virtually impervious hardpan layer at depths
varying from 15 to 75 cm. The thickness of the hardpan layer is usually
greater than 10 cm.

Perennial plants grow both singly and in clumps, separated by bare areas
of desert soil (Figure 1). The size and spacing of the clumps is irregular. As
many as 10 different species may grow together in a single clump (Figure 2).
For this study, the concept of a vegetational unit was devised. A vegetational

205
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unit is either a single plant or a clump of plants. Clump membership is deter
mined by field observation; a plant is declared a member of a clump if its foli
age touches or overlaps (as viewed from above) the foliage of at least one other
member of the clump. Thus, the vegetational unit is analogous to that of a
family unit in a human population census being either a single person or a group
of related persons.

Figure 1. Vegetation of desert hardpan soil. Shrubs tend to clump
together separated by bare areas of desert pavement.

A census was made in the summer of 1968 of all perennial plants (includ
ing shrubs, grasses, herbs, and their seedlings) in 25 circular experimental
plots, each plot being 30.5 m in diameter. Each plant was categorized as to
its species and its vegetational unit membership. This census effort involved
more than 19,000 individual plants representing 28 different species.

A special method was devised for the purpose of locating and cataloging
each plant in each plot. A permanent standpipe for mounting a surveyor's
transit was installed at the center of each plot, with a marker located on mag
netic north at a distance of 15.25 m. Orientation for each vegetational unit
was the measured distance from the plot center to the vegetational unit center.
The azimuth for each unit was measured from magnetic north (0°) to the center
of the vegetational unit. The unit's greatest and smallest width and its species
content were recorded. Each species within a unit was measured in like man
ner, and it was further identified by height (Figure 3). These data were re
corded and transferred to punch cards for computer processing.



Figure 2. Typical clump of shrubs in group association. Present
are Acamptopappus shockleyi, Eurotia lanata, Lycium andersonii,
Ephedra nevadensis, Franseria dumosa, Krameria parvifolia and
several different winter annual species.

Figure 3. In the plot census each shrub is identified by polar co
ordinates and its status within or without a clump.
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Statistical Considerations

The data collected in the census can be treated in several ways. For in
stance, having chosen a pair of species, say A and B, each vegetational unit
can be counted as having both species absent, A present and B absent, A absent
and B present, or both A and B present. This leads to the conventional 2 X 2
table:

Species B
Absent Present

Species

A

Absent

Present

a

c

r=a+c

b

d

s=b+d

m = a + b

n=c+d

N = m + n = r + s.

Methods of analysis of such tables and a stern lecture against their misuse are
given by Pielou (1969, Chapter 13).

Because the collected data in this study go far beyond indicating mere ab
sence or presence ofa species in a vegetational unit, a more indicative proce
dure was sought. Having chosen a species pair, A and B, the actual numbers
of each species in each vegetational unit were available to form a two
dimensional "scattergram." Thus, it was possible to form an RxS table, whose
entries were the number of vegetational units containing exactly r plants of
species A and s plants of species B, where r can take the values 0, 1, "', R
and s can take the values 0, 1, "', S:

Number

of

plants

Number of plants of species B

0 1 2 s S

0 nOO n01 n02 nOs nOS

1 n10 nll
n12 n1s

n
1S

2 n20 n21 n22 n2s
n2S

of

species

A r

R

nrs

In this table nrs is the number of vegetational units containing r plants of
species A and s plants of species B. This sort of table is a representation of
a discrete bivariate situation, and it suggests the use of a correlation coeffi
cient as a measure of association. However, correlation coefficients are
based upon the assumption of a linear relationship between the two random var
iables, and data collected from the survey tended to generally show an "L-
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shaped" behavior, with most of the non-zero frequencies occurring in the upper
rows and left-side columns, thus showing a pronounced nonlinear connection
between the two variables. Moreover, the statistical characteristics (sampling
distribution, expected value, variance, etc.) of the correlation coefficient are
little known except for the case of bivariate normality, and it is manifest that
the discreteness of these tables precludes the assumption of normality.

It was finally decided to use a measure of association for two discrete,
but ordered, polytomies that was promulgated by Goodman and Kruskal (1954,
1963). Several reasons guided this choice: the measure can be defined to
characterize statistical populations and samples from those populations, it was
developed for the two-way tables for which both classifications have "intrinsic
and relevant order, " as specified by Goodman and Kruskal (1963, p. 322), and
the large-sample statistical characteristics of estimates of the measure are
known.

When the Goodman-Kruskal procedure is applied to an entire population
with respect to two ordered variables, the measure is denoted by y. When the
procedure is applied to a random sample from the population of interest, the
measure is denoted by G. The distinction between the symbols y and G and
their meanings is important in many applications of this measure of association.
For example, the difference (G - Y) has been shown to be normally distributed
with a particular variance for large sample sizes. This fact permits the test
ing of statistical hypotheses about an especially interesting value of Y or with
respect to the comparability of several G's from different populations.

As part of the effort to understand the Goodman- Kruskal procedure as it
applies to the present study, the data collected during the 1968 census were
treated both as deriving from a full population and from a number of sampling
experiments in which the vegetational units were considered the sampling units.
Regardless of the assumption of a full population study or a sampling study,
there are at least two ways to amalgamate the data from the 25 plots into a
single summary figure: (1) a single two-way table can be created for the entire
set of data for a particular species pair, yielding a "total" or "overall" meas
ure of association; or (2) the measures from the individual plots can be aver
aged, yielding a "pooled" measure of association. Both methods were applied
to these data.

Details of the theory and computation of the Goodman-Kruskal (herein after
designed by G- K) measure of association appear in Addendum A. However,
some indication of its derivation and interpretation is in order. The terminol
ogy and notation is that used by Goodman and Kruskal (1954, 1963) in their de
velopment. Modifications applicable to the present perennial plant study are
indicated where necessary.

A double polytomy for a population can be represented in a two-way table
(see Table 1) where

classification A divides the population into 01 classes AI. A2, "', ~;

classification B divides the population into ~ classes B1' B2, "', ~;

and the proportion of the population that is classified as both ~ and ~ is POlS'
The marginal proportions are denoted by PO" (the proportion of the population
classified as Aa ) and p. ~ (the proportion of the population classified as Bb)'
The sum of the marginal proportions, either by rows or columns, equals unity,
as does the sum of the two-way proportions by rows and columns, because
each member of the population must be classified into one of the cells of the
double polytomy.



210 DESERT PLANT ECOLOGY

Table l. A double polytomy for a population.

B
A

B1 B2 B~ Total

Al Pn P12 P1~ Pl'

A2 P21 P22 P28 P2·

A
O!

Total 1

The G-K measure of association (Y) is based on three additional criteria:
(i) There are no relevant underlying continua for the polytomies.

(ii) Directed ordering is of interest.
(iii) The two polytomies appear symmetrically.

By (ii) Goodman and Kruskal mean to distinguish between, in the 3 X 3 case, for
example,

o

o o

o and

o

o

o

o

calling the first of these "complete association" and the second "complete
counter association." A useful convention to adopt is that in these two cases
the measure Y should take the values +1 and -1, respectively.

Goodman and Kruskal point out that there are vaguenesses in the idea of
complete ordered association. For example, everyone would probably agree
that the following case is one of complete association, even though there are
zeroes on the main diagonal:

o o

o

o

o

o

The following situation is not so clear:
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o o

o
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y=

Goodman and Kruskal (1954, p. 748) comment: fl••• the procedure we shall
adopt toward this and more complex questions is to base the measure of asso
ciation on a probabilistic model of activity which often may be appropriate and
typical. fI

The G-K Y is based on these considerations. Suppose that two individuals
are selected independently and at random from the population (technically with
replacement, but this is unimportant for large populations). Each individual is
categorized into some (Aa , Bb) cell in the two-way table. Suppose the first
falls into the A.!!:I' Bln ) cell and the second into the (A.!!:2' Bb.2) cell. The un-

derlined letters denote random variables because the cell for the individual is
not determined until the individual is observed; thus.!!:i. (i = 1, 2) takes values
from 1 to O! and 1ll (i = 1,2) takes values from 1 to S.

If the two polytomies are independent in a statistical sense (i. e., Pab =
Pao p, b for a = 1, "', O! and b = 1, 0", S), it is to be expected that the order
of the .!!:'s has no connection with the order of the h's. If there is association,
it is to be expected that the order of the .!!:'s would generally be the same as the
order of the h's (i. e., if.!!:1 is greater than.§2, it would be expected that hI be
greater than.2.2, and conversely). If there is counter association, it is to be
expected that the order of the .!!:'s would generally be reversed from the order
of the h's (i. e., if.!!:1 is greater than.§2, it would be expected that hI be less
than h2, and conversely).

The measure Y is based on the difference between the probabilities of like
(same) orders and unlike (different) orders. Ambiguity is avoided by taking
these probabilities conditionally on the absence of ties (i. e., a tie is declared
if either .!!:1 = .!!:2 or hI = .2.2).

Let
TI s = probability that both pairs of orders are the same,
TId = probability that one pair of orders is different from the other,

and TIt = probability of a tie in at least one of the orders.
Then the G- K measure of association is defined by the formula

TIs - TId

1 - TIt
Thus, y is the difference between the conditional probabilities of like and unlike
orders, given no ties. In other words, y indicates how much more probable it
is to get like than unlike orders in the two classifications when two individuals
are chosen at random from the population and ties are ignored.

Several properties of yare worth noting:

(i) y is not defined if the population is concentrated in a single row or col
umn of the two-way table, for then the probability of a tie is certain and TIt = 1
implies the denominator of y is zero.

(ii) y is +1 if the population is concentrated on any upper-left to lower
right diagonal of the two-way table, and y is -1 if the population is concentrated
on any lower-left to upper-right diagonal.
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(iii) Any number of rows or columns, all of whose p's are zero, can be
added to or inserted in the two-way table without changing the value of y.

(iv) If the two polytomies are independent, then y = O. But the converse
need not hold except for the 2 X 2 case. As an example of nonindependence
with y = 0, consider the table which follows.

.2

o

.2

o

.2

o

.2

o

.2

(v) Y = +1 if the population is concentrated either on the first row and last
column or on the first column and last row. y = -1 if the population is concen
trated either on the first row and first column or on the last row and last col
umn. Goodman and Kruskal (1954, p. 750) imply they would call these cases
of "complete curvilinear association" and "complete curvilinear counter asso
ciation, " respectively.

(vi) The number of rows need not equal the number of columns, so that
the table need not be square (even though it will be square in many applica
tions).

(vii) In the 2 _X 2 case (a = ~ = 2), it can be shown that y is identical with
the measure Q, developed by Yule (1912). Moreover, in this case, y is either
+1 or -1 if a single cell is empty.

Most of the immediately foregoing material has concentrated on the idea
of a population and the development of a measure of association between two
polytomies within each of which every population member can be classified.
What of the problem of dealing with a sample from the population? It is to this
question that Goodman and Kruskal (1963) provide answers which can be em
ployed in this perennial plant study.

A sample of size n is drawn from the population. The A and B classifica
tions of each member of the sample are observed. Let Nab be the number of
individuals in the sample that fall into the (Aa , Bb) cell; that is, Nab is the
number of sample individuals having A classification Aa and B classification
Bb. It follows that

a B
L: L: Nab = n

a=l b=l

because each sample individual must be classified into one of the as cells in
the a x 8 table. The notation Rab (corresponding to Pab) is used for the pro
portion, Nab/n, of the sample in the (Aa , Bb) cell; Ra • for Na . /n = !: Rab

b
(when the row totals are not fixed before sampling); and so on. Finally,

L: L: Rab = 1. Computational details are left for Addendum A.
a b

One point bears repeating: When the entire population of vegetational
units is considered, then the G- K measure of association is a population
related measure and is denoted y, and no statistical sampling theory need be
nor should be constructed for such a situation. On the other hand, when a
sample of vegetational units is being considered, then the sample-related
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measure of association is an estimate of y and is denoted G, and it is impera
tive that the sampling characteristics of G be understood. Thus, it is that the
"variance of G" is important. If at; is the notation for the variance of G, then
it must be appreciated that 06 is the variance of the sampling distribution of G;
i. e. , ad: is the variance of G that will apply to the distribution of all the esti
mates of G if the experiment were conducted many times with the same sample
size and sample population value y. It turns out that ad: is a function of the
"true" values of the cell frequencies, the Pab's, and therefore an estimate of
the variance of G must be derived from the sample in practical situations.
This requirement has been satisfied by Goodman and Kruskal (1963). This es
timate is denoted by sb' Further discussion is given in Addendum A.

Another statistical procedure used in dealing with these data involves the
comparison of several values of G with each other. Suppose that I samples of
vegetational units have been examined, and suppose that a value of G has been
determined for each sample; thus, there is a set, denoted G1 , "', Gi, "',
GI, of G's, and associated with each member of the set there is a correspond
ing variance. It may be of interest to determine whether the I values of G
could have come from a single population. As shown in Addendum B, a reason
able test statistic can be developed, based upon the Chi-squared distribution,
which provides a statistical answer to the question. Briefly, the test proce
dure requires the computation of a pooled average value, denoted G,_and the
comparison of each Gi (in terms of its own standard deviation) with G. The
assumption (hypothesis) of a common value of y is supported (accepted) if the
test statistic is small; it is repudiated (rejected) if the test statistic is large.
As a side feature of this test, it is possible to look at each Gi and determine
its contribution to the support or repudiation of the assumption of a common y.

Computer Implementation

Once the 1968 census data were available on punched cards, it was neces
sary to prepare computer programs to process them along the lines mentioned
on page 208. The several resulting programs were written in the PL/1Ian
guage and processed on UCLA's IBM 360/91. The programs were designed to
provide the following kinds of output:

(i) A 20 X 20 two-way table was prepared for every species pair for every
experimental plot.

(ii) The G-K measure of association was prepared for each of the tables,
along with appropriate intermediate values and standard deviation.

(iii) The data for all plots were combined into individual two-way tables
with associated computations.

(iv) The measures of association were compared across the experimental
plots for each pair of species and the appropriate statistic was perpared for
testing the hypothesis of identical V's.

As an example of (iii), see Table 2. Computed values of G and its "stand
ard deviation" are shown in Table 3. Table 4 shows a typical print-out for
(iv) in which all values of G are positive, while Table 5 shows a similar print
out for which the values of G are predominately negative.

A preliminary examination of the census data showed that not more than
19 individuals of a particular species appeared in an individual vegetational
unit. However, the full 20 X 20 two-way tables were employed because the
computed measure of association cannot be affected by additional rows and col
umns of zeros.
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Table 4. Details of testing the hypothesis that each plot has the same
value of y for Eurotia lanata and Krameria parvifolia. Note
that value of G is positive for all 25 plots.

Plot no. G estimate Standard Values for
deviation chi square

summation

1 0.921 0.069 12.614
2 0.756 0.100 0.641
3 0.570 0.106 0.999
4 0.524 0.089 2.914
5 0.484 0.146 1. 728
6 0.559 0.079 2.191
7 0.602 0.082 0.813
8 0.607 0.109 0.400
9 0.463 0.144 2.187

10 0.326 0.208 2.830
11 0.848 0.042 16.783
12 0.576 0.101 0.970
13 0.747 0.064 1. 233
14 0.494 0.066 7.599
15 0.579 0.077 1.585
16 0.707 0.060 0.268
17 0.509 0.095 3.088
18 0.694 0.111 0.026
19 0.671 0.092 0.003
20 0.571 0.121 0.752
21 0.550 0.162 0.604
22 0.861 0.096 3.716
23 0.289 0.234 2.734
24 0.612 0.114 0.315
25 0.666 0.069 0.021

Chi square for this species pair is equal to 67. 024.
!?egrees of freedom equal 24.
G equals 0.676.
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Table 5. Details of testing the hypothesis that each plot has the same
value of y for Acamptopappus shockleyi and Franseria dumosa.
Note that G is negative except for the 5th plot.

Plot no. G estimate Standard Values for
deviation chi square

summation

1 -0.380 0.098 1. 338
2 -0.519 0.086 8.610
3 -0.087 0.092 3.813
4 -0.038 0.102 5.025
5 0.026 0.137 4.563
6 -0.089 0.128 1. 926
7 -0.074 0.121 2.535
8 -0.037 0.156 2.167
9 -0.059 0.214 0.942

10 -0.617 0.140 6.263
11 -0.152 0.106 1.170
12 -0.171 0.095 1. 014
13 -0.383 0.108 1.161
14 -0.194 0.147 0.244
15 -0.141 0.115 1.194
16 -0.007 0.103 6.355
17 -0.544 0.113 6.024
18 -0.573 0.075 16.685
19 -0.273 0.096 0.004
20 -0.214 0.106 0.247
21 -0.409 0.089 2.558
22 -0.128 0.122 1. 292
23 -0.615 0.189 3.397
24 -0.418 0.165 0.841
25 -0.061 0.117 3.089

Chi square for this species pair is equal to 82.456.
Degrees of freedom equal 24.
G equals -0.267.
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Various additional outputs are prepared by the programs designed for
dealing with these data. For example, schematic outputs are prepared which
show the location of each plant of a given species within a given plot. The loca
tion of all plant species within each plot are similarly displayed. Examples of
this type of output are shown in Figures 4A and 4B. This kind of information
is useful in the continuing studies of dispersion and patterning in desert vege
tation.

Results and Discussion

Space does not permit the display of all species pairs for all 25 experi
mental plots, for this would require 25 X (28 X 27/2) = 9,450 print-out sheets
similar to that shown in Table 2. In general, a great many more positive than
negative measures of associations were determined.

If it is assumed that all 25 plots are parts of the same population, then it
is reasonable to collect all the data for each species pair into a single two-way
table, an example of which is given as Table 2 for Eurotia lanata and Lycium
andersonii. The G-K measure of association has a value of 0.689, indicating
positive association. If the entire set of 7,582 vegetational units are considered
as a sample of all vegetational units in the Mercury Valley desert community,
then the proper summary for these two species states that G = 0.689 with sG
= 0.016.

Based on the sampling assumption for Table 2, the statistical hypothesis
that y is zero can be tested. Formally, the null hypothesis is HO: y = O. The
test statistic is z = GIsG = 0.689/0.016 = 43.1. This greatly exceeds the con
ventially used critical values of 2:.1. 96 (since G is normally distributed), and
the null hypothesis is rejected. The constants 2:.1. 96 arise from testing the hy
pothesis at the 5 per cent level of significance. If an interval statement about
the G-K measure y is desired, an approximate 95 per cent confidence inter
val's endpoints can be constructed from G 2:. 1. 96sG = 0.6892:. (1. 96 x 0.016)
which yields 0.658 and 0.720 as the endpoints. Addendum B contains a discus
sion of confidence interval construction.

The probabilistic interpretation of either the hypothesis test or the confi
dence interval is: Barring ties, there is a greater chance of like order than
of unlike order with respect to the numbers of plants of the two species in a
random selection of two vegetational units.

In Table 3 will be found a listing of G and sG for the combined data involv
ing some of the more prominent species found in the 1968 census.

Tables 4 and 5 display examples of the printout for the test of the hypothe
sis that the y'S for each of the 25 plots are the same for a given species pair.
The weighted (pooled) average of the G's is computed and called G. Then, for
each value of i where i = 1, ... , 1=25, the quantity (Gi - G)2 1 s~. is com-

pared with the critical value from the Chi-squared distribution for (I-I) de
grees of freedom. Using the 5 per cent level of significance, the critical
value for 24 degrees of freedom is 37.7. For both Tables 4 and 5, the com
puted value of the test statistic exceeds 37. 7, and the hypothesis of equal values
of y is rejected.

One virtue of this procedure is that each plot's contribution to the total
test statistic is displayed. Thus, it is possible to look for individual plots
which contribute "more than their share" to the final value. In making this ex
amination, recall that the critical value for 5 per cent level of significance for
a single degree of freedom is 3.84. In Table 4, for instance, it is seen that
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Figure 4. Schematic computer output showing the location of all
shrub species (A) and a single species (B) in a sampled plot.
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plots 1, 11, and 14 provide significant contributions to the total. Plots 1 and
11 indicate significantly larger values of G than IT = 0.676, while plot 14 has a
significantly smaller G. (It must be kept in mind that these statistical tech
niques provide indicators. It is up to the subject matter expert to provide the
meaningful interpretation. )

Again, space limitations prohibit the display of all these results. However,
the Gvalues usually are quite close to the combined estimates of y which are
shown for selected species pairs in Table 3, except for those species pairs in
which there are significant differences between the plots as shown by' a test of
hypothesis of identical y's.

A general view of the indications found in this study is provided by Table 6.
The vegetational units in each plot were treated as a random sample of desert
units. The null hypothesis in each case was HO:y = 0; i. e., the true associa
tion was zero. All statistical tests were performed at the 5 per cent level of
significance. A species pair was declared mutually exclusive when all the
observed frequencies fell in the top row and left-hand column of the two-way
table; i. e., no vegetational units were found in which the two species appeared
together. This latter condition corresponds to complete curvilinear counter
association as described by Goodman and Kruskal (1954).

For a given species pair, then, one of four conclusions was reached for
each plot, so that in each plot each species pair was declared to be:

(i) not statistically significantly associated,
(ii) statistically significantly positively associated,
(iii) statistically significantly negatively associated,

or (iv) mutually exclusive.
To illustrate, Acamptopappus shockleyi showed indicative G's with respect to
16 of the other 27 species present in the study area. It showed a positive as
sociation with three species and a negative association with eight species; it
was mutually exclusive with five species. As another illustration, Lycium
andersonii showed 19 positive, one negative, and four mutually exclusive
measures of association.

Plants showing generally positive associations were Ephedra funera,
Ephedra nevadensis, Eurotia lanata, Franseria dumosa, Grayia spinosa,
Krameria parvifolia, Larrea divaricata, Lycium andersonii, Sphaeralcea~

bigua, Yucca schidigera, and Machaeranthera tortifolia. Plants showing gener
ally negative and mutual exclusiveness were Acamptopappus shockleyi, Dalea
fremontii, Hymenoclea salsola, and Menodora spinescens. Among the grasses
examined, Oryzopsis hymenoides showed the most positive association with o
ther species. Several of the sparsely populated shrubs and herbaceous species
were indicated as growing mutually exclusive of other species; these included
Coleogyne ramosissima, Encelia virginensis, Psilostrophe cooped, Prunus
fasciculata, Stephanomeria pauciflora and Thamnosma montana. The low fre
quency of occurrence of these species may be responsible for some of these
indications, and it will be of considerable interest to examine the associations
of these plants in areas where they naturally occur at higher densities than in
the Mercury Valley. These and other interrelationships are expected to be
the subject of future reports.
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Table 6. Indications of association for 28 perennial plants in desert
hardpan soil at Mercury, Nevada.

Plant species Significantly* Mutually Total
Positive Negative Exclusive**

Acamptopappus shockleyi 3 8 5 16
Atriplex confertifolia 8 1 11 20
Cacti (mixed species) 13 0 8 21
Coleogyne ramosfssima 1 0 20 21
Dalea fremontii 0 2 20 22
Encelia virginensis 3 0 24 27
Ephedra funerea 14 0 8 22
Ephedra nevadensis 14 0 8 22
Eurotia lanata 13 4 2 19
Franseria dumosa 17 2 3 22
Grayia spinosa 12 1 9 22
Hilaria rigida 3 2 14 19
Hymenoc1ea salsola 3 0 21 24
Krameria parvifolia 13 1 2 16
Larrea divaricata 12 1 7 20
Lepidium fremontii 6 0 9 15
Lycium andersonii 19 1 4 24
Machaeranthera tortifolia 13 0 6 19
Menodora spinescens 3 0 17 20
Oryzopsis hymenoides 10 0 8 18
Prunus fasciculata 3 0 20 23
Psilostrophe cooperi 1 0 23 24
Salazaria mexicana 11 0 9 20
Sphaeralcea ambigua 10 1 3 14
Stephanomeria pauciflora 4 0 19 23
Stipa speciosa 6 0 11 17
Thamnosma montana 1 0 23 24
Yucca schidigera 13 0 7 20

Totals 229 24 321 574

*Based on sampling assumption and test of HO:y = 0 at 5 per cent level
of significance.
**Concentrated in first row and first column of two-way table.
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Summary

A statistical method developed by Goodman and Kruskal (1954, 1963) has
been used to provide quantitative measures of association among perennial
plant species indigenous to desert hardpan soil in Mercury Valley at the Nevada
Test Site. This technique has broad application in many kinds of ecosystems
in which the matter of interest is the spatial distribution of the native species.
The G-K method is particularly advantageous for dealing with data which can
be arranged in a two-way table in which both variables of classification bear a
"natural" ordering. Thus, the method is well-suited to dealing with variables
which are discrete rather than continuous. Moreover, the statistical treat
ment is not dependent upon a particular method of determining the spatial dis
tribution of plants in an area, therefore, it may be applied to quadrat studies
for any kind of spatial distribution measurements which one might wish to em
ploy.

The method employed for this study was based upon a complete census of
all individuals in each of 25 plots. Since dispersion is of interest in future
studies, polar coordinate location of plants and units was also undertaken as
well as dimensional analysis for biomass studies.

Quantitative measures of association (the G values obtained under the as
sumption of random sampling of vegetational units) indicate that positive asso
ciation exists among several different shrub species indigenous to the study
site; subsequent subjective field inspection has corroborated many of these
comparisons. Negative associations also are indicated among several prom
inent shrub species, a conclusion also confirmed by on-site visual inspection.
A rather surprising number of shrubs of sparse density tend to grow mutually
exclusive of other species in the study area, and the nature of their association
in areas where they might occur at higher densities will be of interest in con
tinuing studies.

Addendum A. Some Theoretical and Computational Details for the
Goodman- Kruskal Measure of Association y

It is the purpose of this Addendum to present, without reference to the spe
cific desert species study described in the body of this report, some of the de
tails underlying the theoretical development and computational procedures for
the measure of association elucidated by Goodman and Kruskal (1954, 1963).
The terminology is deliberately chosen to assist the user in reading their work.
Another source of phrasing is the sampling study by Rosenthal (1966), who
showed the applicability of the G-K y to relatively small samples in 5 X 5 two
way tables.

An index of association called y is suggested as appropriate in some situa
tions where both classifications in a two-way table have intrinsic and relevant
order. The definition of y is

y
11

S

1

1 11
S

11
S

(A. 1)
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where

II, = 2 L L Pab{ L L Pa'b'}
a b 0'>11. b'>b

lId = 2 L L Pab{ L L PO'b'}
a b a'>a b'<b

(A.2)

III = 1 - II, - lId = L L Pab{Pa. + P·b - Pab}
a b

L p:. + L /b - L L P:b.
abo b

(A.3)

and

In (A. 2) the Pab is the proportion of the population that is classified as both Aa
and Bb in the general O! x S two-way table laid out on page 210 of the body of this
report. Here, TIs ("s" for "same") is the probability that two randomly chosen
individuals will have the same order in both classifications (called positive as
sociation or concordance), TId ("d" for "different") is the probability that they
will have different orders (called negative association or discordance), and iTt
("t" for "tie") is the probability that one or both classifications will be the same
(order is not clearly defined).

Since, strictly speaking, (A. 1) and (A. 2) are in terms of computing for
mulas, another statement of meaning is worthwhile. In G- K's conceptual
scheme, two individuals are drawn independently and at random with replace
ment from a population which is classified with respect to two dimensions A
and B. The first individual has the values al and bl for the variates A and B,
and the second individual has the values a2 and b2. [ai (i = 1, 2) takes the
values 1, 2, "', O'and bi (i = 1, 2) takes the values 1, 2, "', S. ] The A and
B classifications are ordered. The following probabilities are defined:

iTs = Pr Ia1 < a2 and b1 < b2 , or a1 > a2 and b1 > b21 ,

iTd = Prla1 < a2 and b1 > b2 , or a1 > a2 and b1 < b2 !,

iTt = Prla1 = a2 or b1 = b2i.

The conditional probability of like orders given no ties is iTs/ (1 - iTt), and the
conditional probability of unlike orders given no ties is TId/ (1 - iTt). The meas
ure of association is the difference between these two probabilities,
Y = (iTs - iTd)/ (1 - iTt), which is the same as (A. 1).

Suppose now that a random sample of size n is taken from this population,
so that the cell frequencies in the EX§" table have a multinomial distribution.
Let Nab be the number of items in the sample which are classified as belong
ing to Aa and Bb' Then Rab = Nab/n is the maximum likelihood estimator for
Pab. Hence, 0:::' Nab:::' n.

It is suggested that y be estimated by its maximum likelihood estimator

G =
P s

1

2P +
s

1

P
s

P +
s

(A.4)

in which Ps ' Pd, and Pt are the sample analogs of the corresponding iT'S, as
follows:
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P. = 2 L L Rabl L L Ra'b'}
G b 0'>0 b'>b.

2
= -; L L N ab { L L Na'b'},

n G b G'>a b'>b

Pd = 2 L L RGb { L L Ra'b'}
a b G'>a b'<b

2
=-LLNab { L LNa,d,

n 2
a b 0'>0 b<'b (A. 5)

P, = 1 - p. - Pd = L L RablRGo + Rob - Rab }
a b

1
= - L L NGb{Na. + Nob - Nab}

n 2
G b

= L R:. + L R\ - L :E R:b
a b a b

G

Note that the formulas in (A. 5) are displayed in terms of both the Rab' sand
the Nab's. It is assumed that a tie is not certain; Le., TTtf.l.

The measure G is a statistic. It is a function of sample values. There
fore, G has a variance. Call that variance abo Goodman and Kruskal (1963)
show that

2 1
(J =G n

where

(A.6)

II.. = L: L: Pab { L: L: PG'b' + L: L: PG'b'} 2
G b G'>a b'>b G'<a b'<b

II., = L: L: Pab{ L: L: po' b' + L: L: Pa'b'}
a b G'>G b'>b a'<a b'<b (A. 7)

.{ L: L: pa'b' + L: L: PG'b'}'
a'>G b'<b G'<a b'>b

II.d = L: L: Pab { L: L: PG' b' + L: L: PG' b' t
a b a'>G b'<b a'<a b'>b
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(A.8)

The doubly-subscripted TT'S are interpreted as follows; Suppose three individ
uals are drawn at random and independently from the population.
Then

TTSS is the probability that the second and third individuals both have
"positive" sign relationships (i. e., both are concordant) with the
first,

TTdd is the probability that the second and third individuals both have
"negative" sign relationships (i. e., both are discordant) with the
first,

and TTed is the probability that the second individual has "positive" sign re
lationships with the first (i. e., the first and second are concordant)
but that the third has "negative" sign relationships with the first
(i. e., the first and third are discordant).

If Pss, 'Pdd, and Psd are defined to correspond to TTSS ' TTdd' and TTsd (so
that Rab corresponds to Pab), and if crC of (A. 6) is not zero, it can be con
cluded that

(G-Vl-!'/ 16 4 2 2/ V !PsPdd - 2Ps PdPsd + PdPssl
n(l - P

t
)

is asymptotically normally distributed with zero mean and unit variance.
Thus, (A. 8) asymtotically is a standardized normal deviate for large values of
t~e sample size n.

Because most data are collected and reported in terms of the cell fre
quencies, the Nab's, it is convenient to indicate the computing algorithm in
terms of the observed frequencies. Some slight notational modifications are
in order .

. - 2 - 2 3 - 3 -
Defme Ps :0 n Ps' P d :0 n .Yd' Pss :0 n Pss ' Pdd:O n Pdd' and Psd :0

n3P sd' Then, in terms of the P's,

P P
dG:o .....::s:....--_:::o (A. 9)

(A. 10)
16!P;Pdd - 2Ps PdPsd + p~pss!

(P
s

+ P
d

)4

In terms of (A. 9) and (A.10), the computations can be systematically described
as follows, using a Goodman- Kruskal (1963) numerical example as an illustra
tion.

and

First set down the Nab table. Then compute what is called the S (for
"same") table. This Q' x,~ S table contains in its (a, b) cell the sum of all
Na'b' such that a' > a and b' >b, plus the sum of all Na'b' such that a' < a and
b' < b. Next, compute the D (for "different") table. This Q' x B D table con
tains in its (a, b) cell the sum of all Na'b' such that a' > aand b' < b, plus the
sum of all Na'b' such that a' < a and b' > b.

Thus, suppose the sample observation table contains 3 rows and 4 columns
and n:o 50:
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Nab Table

DESERT PLANT ECOLOGY

8

o

o

5

8

4

3

1

14

3

o

4

Then both the Sand D tables contain 3 rows and 4 columns:

STable D Table

31

22

o

19

26

8

4

17

21

o

16

25

o

11

20

o

6

7

12

7

3

27

18

o

where, e. g., the 31 in the upper left corner of the S table is found by forming
the sum 8 + 1 + 0 + 4 + 14 + 4 = 31, and the 7 in the 2nd row and 3rd column of
the D table is found by forming the sum 0 + 4 + 3 = 7 (L e., the elements below
and to the left of the (2, 3) cell plus those above and to the right of the (2, 3)
cell).

The component parts required for evaluation of (A. 9) and (A. 10) are con
structed by manipulating the elements in the Nab, S, and D tables according
to the rules:

P s is found by multiplying each entry of the Nab ta.1?le by the correspond
ing entry of the S table and adding the products; Le., Ps = (8) (31) + (5) (19) +
••. + (4) (25) = 1,006.

Pd is found by multiplying each entry of the Nab taQle by the correspond
ing entry of the D table and adding the products; L e., Pd = (8) (0) + (5) (0) +
..• + (4) (0) = 242.

Pss is found by multiplying each entry of the Nab table by the square of
the corresponding entry of the S table and adding the products; L e. ,

P = (8) (31)2 + (5) (19)2 + .•. + (4) (25)2 = 24,168 •
ss

Pdd is found by multiplying each entry of the Nab table by the squ.§:re of
the corresponding entry of the D table and adding the products; L e., Pdd =
(8) (0)2 + (5) (0)2 + ... + (4) (0)2 = 3,278.

Psd is found by forming the sum of the tr.iple products of corresponding
terms from the Nab, S, and D tables; L e., Psd = (8) (31) (0) + (5) (19) (0) +

+ (4) (25) (0) = 2, 617.

Use of these results in (A. 9) and (A. 10) yields

_ 1, 006 - 242 _
G - 1 006 + 242 - 0.612,

and s2 = 16 (1,006h3,278) -2(1,006)(242)(2,617) + (242h24,168)

G (1,006 + 242)4
= .022812,
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from which

sG = .151.

This method of computing G, based on (A. 9), is applicable to the compu
tation of::L when the population proportions, the 2..ab' s, are known. Each ab table
entry is converted from £aU to an Nab by multip1YIDg pab by an arbitrary value n.
The algorithm then can be applied directly. Those who are algebraically adept
may find it simpler to deal directly with the values of the E..ab.'s and make the
appropriate adjustments. It is important only to recall that y is then a popula
tion parameter, and there isno justification for the computaTIon of something
that would therefore be denoted~. However, in theoretical studies, it may
be deemed useful to compute the true variance of G, ae, using (A. 10).

(B. 1)f(x) = 1
J2,TI a

Addendum B. Testing Statistical Hypotheses Based on Estimates
of the Goodman-Kruskal Measure of Association y

It is the purpose of this addendum to provide additional details concerning
the two statistical tests mentioned in the body of this report. A basic knowl
edge of the methods of testing statistical hypotheses is assumed, including
fundamentals such as confidence intervals, levels of significance, and criti
cal regions.

The normal (Gaussian) density function is defined by

- (x - p}/2a
2

e

(B. 2)

to

The constants'p, and a are parameters of the density function. They are com
monly called the mean and standard deviation of the normal distribution. The
square of the standard deviation is called the variance and generally is denoted
bYa2 •

When p, = 0 and a = 1, the density (B. 1) simplifies

2
1 -x /2n(x) = e •
~

Then n(x) is called the standardized normal density function.

Let ~ be a number such that 0 < ~ < 1. Then z~ is called the 100~-th per
centile of the standardized normal density if the equation

z~ olf:(x)dx 2
1

-x /2
dxe

J2;f"

= pdx< z~! = ~ (B.3)

is satisfied. Because n(x) in (B.2) is symmetric about zero,

z~ = -zl_~'

The ratio of the difference between G and y to the estimated sG (A. 8) is
normally distributed for large samples. Now choose an arbitrary number 0'

such that 0 < 0' < 1. Employing (B. 3), it can be stated that
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pr1zO'/2 < (G - y) /sG < z 1-0'/2 1 = 1 - 0', (B.4)

from which can be formalized as the 100(1-0') per cent confidence interval

(B.5)

zl-0'/2

2.576
1. 960
1. 645

.995

.950

.900

.005

.050

.100

.01

.10

.20

Among the commonly used O"s and corresponding percentiles are:

0' 0'/2 1-0' /2

This tabulation reveals that, as 0' increases, zl-0'/2 decreases; hence, a con
fidence interval is narrowed at the expense of decreasing the degree of confi
dence.

Consider now the example at the end of Addendum A, for which G = .612
and sG = .151 were obtained. A 95 per cent confidence interval is obtained by
choosing 0' = .05, for which zl-a!2 = z. 95 = 1. 960.
Then, using (B. 5),

.612 - (1. 960) (.151) < Y< .612 +(1. 960) (.151)
or (B. 6)

.316 < y < . 90S

is the desired confidence interval for y.

The matter of testing a hypothesis about y can be handled in terms of the
confidence interval. Suppose it is desired to test the hypothesis that y is
equal to some particular value, say YO. In statistical parlance, this is stated
as

(B.7)

i. e., the hypothesis is that the measure of association in a particular two-way
situation has the value YO. The hypothesis is accepted at the 0' level of signif
icance if YO lies between the endpoints of the interval computed by (B. 5); other
wise, the hypothesis is rejected.

Suppose, using the example at the end of Addendum A, it is desired to test
the hypothesis that the measure of association is .5. Then, because the ine
quality

.316 < .5 < .90S (B.S)

is true, HO: y = YO = .5 is accepted at the. 05 level of significance. On the
other hand, these same data lead to the rejection of the hypothesis that the
measure of association is zero. That is, if HO: Y = YO = 0 is of interest, the
hypothesis is rejected because zero lies in the critical (rejection) region. It
is well to recall that independence between the two polytomies implies y = 0,
but that y = 0 does not imply independence.

The second topic oHhis addendum concerns a method of comparing the Y' s
underlying several sets of sample data, a problem mentioned briefly on page
213. Suppose that several samples are collected from different populations.
Let r be the number of samples, and let G1, ..• , Gi' ... , Gr be the estimates
of the corresponding Vi's and sG1' ... , sGi' ... , sGr be the corresponding

estimated standard deviations. Suppose the equality of the Yi's is of interest.
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Formally, the hypothesis is stated

HO: VI = ••• = Vi = ••• = VI' (B. 9)

(B. 10)

(B. 11)

G

Now, if the hypothesis is true, each sample Gi is an estimate of the same
parameter. The best (minimum variance and unbiased) linear estimator of
the common parameter is given by the weighted average of the Gi's, where
the weights are the recprocals of the variances of the Gt's themselves. De
note this estimator by G, so that

1
L: (""'2) G.

SG. 1
1

I
L: <;2)

Gi

If the hypothesis is true, each quantity

(Gi - ai
2

sG.
1

(B.12)S

is approximately distributed as a Chi-squared variable with a single degree of
freedom. Moreover, the sum of all such quantities

(G. - (})2
1

is approximately distributed as a Chi-squared variate with (I - 1) degrees of
freedom.

Percentiles of the Chi-square distribution are not quite so simply tabulated
as are percentiles for the normal distribution, but they can be found in most
elementary and intermediate statistics textbooks. The 95th percentile for a
single degree of freedom is, for instance, 3.84; this, of course, is the square
of 1. 96 which is the corresponding two-sided critical value for the normal
distribution. Thus, any single term of the sum (B. 12) which exceeds 3.84 in
dicates that_the corresponding Gi is different from the value o(Y which is es
timated by G.

With respect to S, the sum in (B. 12), the hypothesis of equality is rejected
if the critical value for (I - 1) degrees of freedom is exceeded.

An example of the calculations for this test is shown in Table 4 and is not
repeated here. Nor is there any point in repeating the discussion contained in
the section on results and discussion (see page 218).

In the event that the hypothesis of equal V's is accepted, then (} can be con
sidered as a proper estimate of the common (but unknown) y. Furthermore,
the variance of G is estimated by

2 1
(B. 13)s- =

G
L: .f..L-J
i 2

sG.
1



ESTIMATE OF PRIMARY PRODUCTIVITY IN THE ROCK VALLEY

AREA OF THE NEVADA TEST SITE FOR 1966 - 1968

The primary purpose of this evaluation was to determine food supply for
mammals living in the Rock Valley area. The goal of measuring primary pro
ductivity was not part of the original work plan and for this reason the data are
not an exact expression ofthe primary productivity but are a good approximation.

Materials and Methods

The study was divided, for effective analysis, into two rather discrete
parts. One,encompassing the annual plants within each of four plots (French,
1969), was conducted entirely within the plots while the shrub productivity was
sampled outside the plots and then applied to the qualitative and quantitative
shrub composition present in the plots. The annual plant study included the
entire mature plant while that of the shrubs included leaf and fruit production
only. Plant material is expressed as "standing crop" biomass and it most
nearly represents net living material present at completion of the spring
growing season. The annual plant portion of the study utilized transect lines
existing in the plot (used in mammal studies). These parallel lines 15 me
ters apart were set in an east-west direction with stakes set at 15-meter in
tervals along these lines. We chose alternate stations along these transect
lines giving 199 stations per plot. Quadrats are located 3 meters north
of each station and this point became the lower right hand corner of each
quadrat grid frame. The quadrat size was 2 by 5 decimeters with the long
dimension of the quadrat pointing north. Each plant present in the quadrat
grid was counted by species so that we reported species composition together
with the species numbers for each quadrat.

In order to tie productivity into species composition and numbers it was
necessary to have some fix on actual production of annual plant biomass. This
meant that we needed to know how much an average plant of each species
weighed. Although this was not a specific purpose of our study, collections of
representative numbers of each species were made. This information was ob
tained only for the last year of the study. This sample collection was repeated
in 1969 and data for 1968 and 1969 were used as an average for the three years of
study. An error was incurred, therefore, for not having individual plant weights
for 1966 and 1967. Sample size of the species varied from 25 to 500 plants de
pending on average plant size and available material at time of collection.
Plants were wet and dry weighed and average species weights were derived.
By applying these values to the actual sampling of plots, we arrived at "standing
crop" for each species in each plot in kg per hectare. We then combined
species to give the total annual biomass productivity at maturation. We
endeavored to sample the annuals at peak maturity in late spring.

The shrub portion of the sampling was treated differently with the number
one problem being the reluctance to remove sample material from within the
plots. It might be well to say at this point that the purpose was to arrive at the
inherent shrub composition and not to make any comparisons involving the ir
radiation factor in Plot B. An abundance study conducted by Martin in 1964 (see
page 392) was used to establish species composition, density, average diame
ter and average volume within the plots. We utilized this data in applying our
sample shrub measurements to the plots. For each of the major shrub species
present in the plots (11 species) we sampled leaves and fruits in areas adja-

230



PRIMARY PRODUCTIVITY 231

cent to the permanent study plots. The method was to establish, at random,
transect lines for each species and to sample species individuals falling on these
lines. Sampling for leaves and fruits was done separately on different lines
and at time of peak maturity. Sample size was from five to ten individual
plants with 1/4 plant being removed as a single sample. Sample size was lim
ited by problems encountered in obtaining leaves or fruits at time of sampling.
Some species did not fruit in some years. Also, the more dominant species
were given first consideration. We measured mean diameter of each sampled
specimen so that each species could be converted to an average size plant. All
leaf material was carefully removed from the 1/4 plant sample, then wet and
dry weighed. When the fruit for a species was mature, the same procedure as
above was used to collect the fruit sample. Results gave a leaf and fruit weight
for an average plant of each species.

The "Quarters Method" of sampling was used for measuring shrub abun
dance and density within each plot. Each sampling point was considered the
center of four quarters, a predetermined compass line giving orientation. At
each point the closest shrub to the point in each of the quarters was chosen.
The species and diameter of each of these four shrubs was recorded and then
the distance between the point and each of the four shrubs was measured. The
sum of these distances divided by four equaled the average distance. This was
done for each of the four Rock Valley sites.

The following definitions are used in the shrub data:
Relative density = Number of individuals of species per number of individuals
all species times 100.
Relative dominance = Total basal area of species per total basal area
all species times 100.
Relative frequency = Number of points of occurrence of species per
number of points of occurrence of all species times 100.
Density or number of individuals per unit area = Unit area per distance
squared.
Frequency = Number of points of occurrence of the species per total
points.
Importance value = Relative density + relative dominance + relative
frequency.

The final step was to take our weights and measurements and apply them
to the qualitative and quantitative shrub composition present in each plot. These
results gave a standing crop estimation of biomass for the major shrub species
for plant leaf and fruit material.

We had information on winter annuals and shrubs for each 01 the plots for 3
years (1966 through 1968). We now made comparisons of various plant parame
ters to arrive at a value in weight per unit area for the combined standing crop
biomass of leaf and fruit material for each species, plot, and year. Values for
the three years were also plotted against cumulative monthly rainfall.

Beatley (1969) has already reported winter annual biomass production and
some other plant characteristics (Beatley, 1966, 1970) for this particular area.

Results and Discussion

All leaf weight values of Ephedra nevadensis areprimarilystem production.
The annual leaf and fruit production for the shrub biomass in the four plots are
shown in Table 1. Lycium pallidum and Krameria parvifolia varied greatly in
the plots. The mean relative importance order for leaf weight production was
1. divaricata (1.00» 1. andersonii (0.66) >~. nevadensis (0.55) >.!S. parvi-
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folia (I.!. ~5) > 1. pallidum (0. 17) > Q.. ramosissima (0. 14) >;[. dumosa (0. 13) >
Q.. spinosa (0. 09) > Q. fremontii (0.04) >~. lanata (0.01) >~. shockleyi (0.01 l.

The values in Table 2 are derived from data collected for the four plots in
Rock Valley in the 1964 work of Martin and Hill. Measurements of standard
shrub parameters have been applied to this data and presented here. Biomass
calculations for the 3 years have been combined with plot species abundance data
to give shrub production within each plot for each year.

In Table 2 the relative dominance was 1. divaricata (1. 00) > 1. andersonii
(0.84) > [. dumosa (0.32) >~. parvifolia (0.29) >~. nevadensis (0.21) > 1.
pallidum (0.18) > Q.. ramosissima (0.12) > Q. spinosa (0.06).

The data in Table 3 represent a summary of "standing crop" biomass by
plot for all the shrub species of Tables 1 and 2. Fruit, seed and leaf produc
tion varied greatly for the three years.

Table 3. Values of shrubs for total plot for 1966, 1967, and 1968.

Year

1966
1967
1968

1966
1967
1968

1966
1967
1968

1966
1967
1968

Ground Total Total Total Leaf &
cover leaves fruits seeds fruit wt

%,all kg/hectare
species

Plot - A

20.5 462.3 70.2 7.5 533
20.5 296.0 15.7 0.5 312
20.5 416.6 28.7 3.8 445

Plot - B

20.9 373.7 58.5 12.0 432
20.9 267.3 15.5 16.5 283
20.9 367.7 26.2 5.5 394

Plot - C

23.5 558.4 74.1 9.9 C33
23.5 364.0 15.8 8.3 380
23.5 514.4 33.3 4.7 548

Plot - D

15.4 307.5 46.8 9.1 354
15.4 231.4 16.2 13.1 248
15.4 313.2 20.9 4.1 334

The greatest amount of frq.it production for the four plot.s and the 3J'ears
was by :E. dumosa (1. 00) with 1. andersonii (0.92) second, 1. divaricata (0.59)
third, ~. parvifolia (0.25) fourth, 1. pallidum (0.25) fifth, ~. shockleyi (0.1,2)
sixth, and Q. spinosa (0.11) seventh.

Tables 4 to 6 represent the annual and perennial herbaceous plant produc
tion for each of the 3 years. The total production varied from year to year as
did the species composition. Many species were absent in 1967.
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Table 4. A study of annual and perennial herbaceous plant species num~

bers and composition (from one tenth meter square quadrats)
for 1966. (199 quadrats per plot)

Species name Total no. Prop. all Dry wt Total no. Prop. all Dry wt
in grid plants kg/ha in grid plants kg/ha

Plot - A, 1966 Plot - B, 1966

Festuca octoflora 678111 0.522 20.3 540880 0.277 16.2
Chaenactis carphoclinia 164878 0.127 29.7 143263 0.073 25.8
Pectocarya platycarpa 92493 0.071 17.6 83444 0.043 15.8
Phacelia fremontii 80931 0.062 17.8 317692 0.163 69.9
Gilia transmontana 66856 0.051 10.7 210622 0.108 33.7
Cryptantha recurvata 31166 0.024 8.7 32171 0.016 9.0
Langloisia setosissima 27647 0.021 1.1 110589 0.057 4.4
Thelypodium lasiophyllum 25134 0.019 4.3 81434 0.042 13.8
Oenothera munzii 20610 0.016 5.6 45744 0.023 12.3
Chorizanthe brevicornu 17594 0.014 1.4 60321 0.031 4.8
Chorizanthe rigida 17594 0.014 5.6 26139 0.013 8.4
Mentzelia veatchiana 12567 0.010 3.0 10054 0.005 2.4
Phacelia vallis-mortae 11562 0.009 5.2 46246 0.024 20.8
Ipomopsis polycladon 8546 0.007 0.5 44236 0.023 2.7
Gilia cana 7037 0.005 2.3 11562 0.006 3.7
Caulanthus cooperi 6535 0.005 1.2 14578 0.007 2.6
Eschscholzia ~lvotosperma 6032 0.005 1.3 2011 0.001 0.4
Bromus~ 5027 0.004 0.9 11059 0.006 2.0
Descurainia pinnata 5027 0.004 1.4 14075 0.007 3.8
Astragalus tidestromii 2513 0.002 0.0 2011 0.001 0.0
Lepidium lasiocarpum 2011 0.002 0.6 1508 0.001 0.5
Eriogonum trichopes 1508 0.001 0.4
Stylocline micropoides 1508 0.001 0.0 34182 0.018 0.7
Eriophyllum pringlei 1508 0.001 0.1
Amsinckia tessellata 1005 0.001 0.5 3016 0.002 1.5
Lygodesmia exigua 1005 0.001 0.2 1005 0.001 0.2
Chaenactis fremontii 503 0.000 0.1
Machaeranthera tortifolia 503 0.000 0.0 503 0.000 0.0
]4alacothrix glabrata 503 0.000 0.2 503 0.000 0.2
Mirabilis bi~elovii 503 0.000 0.0
Oxytheca perfoliata 503 0.000 0.1 503 0.000 0.1
Linanthus demissus 62332 0.032 2.5
Linanthus bigelovii 11059 0.006 1.4
Antirrhinum· filipes 10556 0.005 2.1
Eucrvota micrantha 8043 0.004 1.2
Rafinesquia neomexicana 3519 0.002 1.7
Plantago insularis 1508 0.001 0.2
Calycoserls wrightii 1005 0.001 0.2
Delphinium parishii 1005 0.001 2.2
Streptanthella longirostris
Eriogonum inflatum
Gilia clokeyi
Chaenactis macrantha
Unknown 1508 0.001 0.9
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Table 4 continued.

DESERT PLANT ECOLOGY

Species name Total no. Prop. all Dry wt Total no. Prop. all Dry wt
in grid plants kg!ha in grid plants kg/ha

Plot - C. 1966 Plot - D, 1966

Festuca octoflora 943525 0.617 28.3 435821 0.297 13.1
Chaenactis carphoclinia 53786 0.035 9.7 73894 0.050 13.3
Pectocarya platycarpa 96514 0.063 18.3 195039 0.133 37.0
Phacelia fremontii 55294 0.036 12.2 146279 0.100 32.2
Gilia transmontana 29155 0.019 4.7 42225 0.029 6.8
Cryptantha recurvata 25637 0.017 7.2 25134 0.017 7.0
Langloisia setosissima 34685 0.023 1.4 76910 0.052 3.1
Thelypodium lasiophyllum 36695 0.024 6.2 48760 0.033 8.3
Oenothera munzii 29658 0.019 8.0 29658 0.020 8.0
Chorizanthe brevicornu 59316 0.039 4.7 51776 0.035 4.1
Chorizanthe rigida 18599 0.012 5.9 70375 0.048 22.5
Mentzelia veatchiana 17594 0.012 4.2 5529 0.004 1.3
Phacelia vallis-mortae 13070 0.009 5.9 50268 0.034 22.6
Ipomopsis polycladon 9048 0.006 0.5 7037 0.005 0.4
Gilia ill!:.!lli. 4021 0.003 1.3 4021 0.003 1.3
Caulanthus cooperi 5529 0.004 1.0 33679 0.023 6.1
Eschscholzia glyptosperma, 3519 0.002 0.7 1508 0.001 0.3
Bromus rubens 29658 0.019 5.3 34685 0.024 6.2
Descurainia pinnata 3016 0.002 0.8 18096 0.012 4.9
Astragalus tidestromii
Lepidium lasiocarpum 4524 0.003 1.4 3519 0.002 1.1
Eriogonum trichopes 6032 0.004 1.5 8043 0.005 2.0
Stylocline micropoides 7037 0.005 0.1 2011 0.001 0.0
Eriophyllum pringlei 13572 0.009 0.8 37198 0.025 2.2
Amsinckia tessellata 2011 0.001 1.0
Lygodesmia exigua 2011 0.001 0.4 2011 0.001 0.4
Chaenactis fremontii 5529 0.004 1.2 11562 0.008 2.4
Machaeranthera tortifolia 503 0.000 0.0
Malacothrix glabrata 1005 0.001 0.4 503 0.000 0.2
Mirabilis bigelovii
Oxytheca perfoliata 1005 0.001 0.2 6032 0.004 1.0
Linanthus demissus 12567 0.008 0.5 37198 0.025 1.5
Linanthus bigelovii
Antirrhinum filipes
Eucrvnta micrantha
Rafinesguia neomexicana 503 0.000 0.2
Plantae-o insularis
Calycoseris 'lYl:igh1ii 503 0.000 0.1 1005 0.001 0.2
Delphinium parishii 1005 0.001 2.2
Streptanthella longirostris 3519 0.002 1.8 3519 0.002 1.8
Eriogonum inflatum 1005 0.001 0.9
Gilia clokeyi 1005 0.001 0.1 503 0.000 0.1
Chaenactis macrantha 503 0.000 0.1
Unknown 1508 0.001 0.9
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Table 5. A study of annual and perennial herbaceous plant species num-
bers and composition (from one tenth meter square quadrats)
for 1967. (199 quadrats per plot)

Species name Total no. Prop.all Dry wt Total no.Prop. all Dry wt
in grid plants kg/ha in grid plants kg/ha

Plot - A, 1967 Plot - B, 1967

Festuca octoflora 860583 0.781 25.8 427778 0.766 12.8
Chaenactis carphoclinia 124664 0.113 22.4 56300 0.101 10.1
Pectocarya platycarpa 12064 0.011 2.3 2011 0.004 0.4
Phacelia fremontii 4524 0.004 1.0 1508 0.003 0.3
Gilia transmontana 1005 0.002 0.2
Cryptantha recurvata 2011 0.002 0.6 7037 0.013 2.0
Langloisia setosissima 2513 0.002 0.1 3016 0.005 0.1
Oenothera munzii 5529 0.005 1.5 4524 0.008 1.2
Chorizanthe brevicornu 10054 0.009 0.8 6032 0.011 0.5
Chorizanthe rigida 3519 0.003 1.1 1005 0.002 0.3
Mentzelia veatchiana 1005 0.001 0.2 1005 0.002 0.2
Phacelia vallis-mortae 4524 0.008 2.0
Gilia cana 503 0.001 0.2
Caulanthus cooperi 503 0.000 0.1 4021 0.007 0.7
Bromus rubens 63337 0.057 11.4 27647 0.050 5.0
Descurainia pinnata 2513 0.002 0.7 1508 0.003 0.4
Lepidium lasiocarpum 1005 0.002 0.3
Eriogonum trichopes 4524 0.004 1.1 1005 0.002 0.3
Lygodesmia exigua
Eriophyllum pringlei
Chaenactis fremontii 4021 0.004 0.8 503 0.001 0.1
Machaeranthera tortifolia 2011 0.004 0.0
Malacothrix glabrata
Mirabilis bigelovii 503 0.001 0.0
Linanthus demissus
Rafinesquia neomexicana 2513 0.005 1.2
Delphinium parishii 503 0.001 1.1
Lepidium fremontii
Chaenactis macrantha 503 0.000 0.1
Oryzopsis hymenoides 503 0.001 0.0
Unknown 503 0.001 0.3
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Table 5 continued.

DESERT PLANT ECOLOGY

Species name Total no. Prop. all Dry wt Total no. Prop. all Dry wt
in grid plants kg/ha in grid plants kg/ha

Plot - C, 1967 Plot - D, 1967

Festuca octoflora 591651 0.794 17.7 320205 0.611 9.6
Chaenactis carphoclinia 30161 0.040 5.4 38706 0.074 7.0
Pectocarya platycarpa 4021 0.005 0.8 9048 0.017 1.7
Phacelia fremontii 1508 0.002 0.3 1005 0.002 0.2
Gilia transmontana
Cryptantha recurvata 2011 0.003 0.6 2011 0.004 0.6
Langloisi.a setosissima 1508 0.002 0.1 1508 0.003 0.1
Oenothera munzii 5027 0.007 1.4 1508 0.003 0.4
Chorizanthe brevicornu 7540 0.010 0.6 14075 0.027 1.1
Chorizanthe rigida 503 0.001 0.2 1005 0.002 0.3
Mentzelia veatchiana 503 0.001 0.1
Phacelia vallis-mortae 503 0.001 0.2 1508 0.003 0.7
Gilia cana
Caulanthus cooperi 503 0.001 0.1 503 0.001 0.1
Bromus rubens 75402 0.101 13.6 105059 0.201 18.9
Descurainia Rinnata 503 0.001 0.1
Lepidium lasiocarpum 1508 0.003 0.5
Eriogonum trichopes 12064 0.016 3.0 7037 0.013 1.8
Lygodesmia exigua 503 0.001 0.1
Eriophyllum pringlei 5027 0.010 0.3
Chaenactis fremontii 10556 0.014 2.2 9048 0.017 1.9
Machaeranthera tortifolia 503 0.001 0.0
Malacothrix glabrata 503 0.001 0.2
Mirabilis bigelovii
Linanthus demissus 503 0.001 0.0 503 0.001 0.0
Rafinesguia neomexicana 503 0.001 0.2
Delphinium parishii 503 0.001 1.1
Lepidium fremontii 2513 0.005 0.0
Chaenactis macrantha
Oryzopsis hymenoides
Unknown 503 0.001 0.3



PRIMARY PRODUCTIVITY 243

Table 6. A study of annual and perennial herbaceous plant species num-
bers and composition (from one tenth meter square quadrats)
for 1968. (199 quadrats per plot)

Species name Total no. Prop. all Dry wt Total no. Prop. all Dry wt
in grid plants kg/ha in grid plants kg/ha

Plot - A, 1968 Plot - B, 1968

Bromus rubens 111092 0.033 20.0 68364 0.028 12.3
Festuca octoflora 2072537 0.613 62.2 1202403 0.497 36.1
Amsinckia tessellata 503 0.000 0.3 2011 0.001 1.0
Cryptantha circumscissa 13572 0.004 0.9
Cryptantha recurvata 37701 0.016 10.6
Cryptantha nevadensis 76910 0.023 0.0
Pectocarya platycarpa 256365 0.076 48.7 130193 0.054 24.7
Chaenactis carphoclinia 278986 0.083 50.2 139744 0.058 25.1
Chaenactis fremontii 5027 0.001 1.1 503 0.000 0.1
Chaenactis macrantha 1508 0.000 0.2 1508 0.001 0.2
Eriophyllum pringlei 1005 0.000 0.1
Lygodesmia exigua 1508 0.000 0.3 503 0.000 0.1
Machaeranthera tortifolia 503 0.000 0.0
Malacothrix glabrata 503 0.000 0.2 503 0.000 0.2
Stephanomeria exigua 1005 0.000 0.0
Stylocline micropoides 5027 0.001 0.1 21112 0.009 0.4
Caulanthus cooperi 12064 0.004 2.2 10054 0.004 1.8
Descurainia pinnata 38706 0.011 10.4 145776 0.060 39.3
Lepidium fremontii
Lepidiurn lasiocarpum 21112 0.006 6.8 8043 0.003 2.6
Streptanthella longirostris 8546 0.003 4.4 2513 0.001 1.3
Thelypodium lasiophyllum 25134 0.007 4.3 56300 0.023 9.6
Nama demissum 1005 0.000 0.0
Phacelia fremontii 27647 0.008 6.1 44236 0.018 9.7
Phacelia vallis-mortae 15080 0.006 6.8
Mentzelia veatchiana 10556 0.003 2.5 2513 0.001 0.6
Sphaeralcea ambigua
Oenothera munzii 59819 0.018 16.1 45744 0.019 12.3
Eschscholzia glvotosperma 1005 0.000 0.2
Gilia cana 503 0.000 0.2 3519 0.001 1.1
Gilia transmontana 41722 0.012 6.7 257371 0.106 41. 2
Ipomopsis polycladon 116118 0.034 7.0 84952 0.035 5.1
Langloisia setosissima 100535 0.030 4.0 49765 0.021 2.0
Linanthus demissus 8043 0.003 0.3
Chorizanthe breyicornu 60321 0.018 4.8 58813 0.024 4.7
Chorizanthe rigida 24138 0.007 7.7 7037 0.003 2.3
Eriogonum maculatum 503 0.000 0.1
Eriogonum nidularium 503 0.000 0.1
Eriogonum trichopes 5529 0.002 1.4 7037 0.003 1.8
Oxytheca perfoliata 503 0.000 0.1
Delphinium parishii 503 0.000 1.1
Linanthus bigelovii 1005 0.000 0.1
Calycoseris wrightii 1508 0.000 0.3 1005 0.000 0.2
Rafinesquia neomexicana 1508 0.000 0.7 503 0.000 0.2
Unknown
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Table 6 continued.

DESERT PLANT ECOLOGY

Species name Total no. Prop. all Dry wt Total no. Prop. all Dry wt
in grid plants kg/ha in grid plants kg/ha

Plot - C, 1968 Plot - D, 1968

Bromus rubens 56300 0.017 10.1 199060 0.108 35.8
Festuca octoflora 2239426 0.657 67.2 943022 0.510 28.3
Amsinckia tessellata 2011 0.001 1.0
Cryptantha circumscissa 3519 0.001 0.2 8043 0.004 0.6
Cryptantha recurvata
Cryptantha nevadensis 50770 0.015 0.0 34182 0.018 0.0
Pectocarya platycarpa 235755 0.069 44.8 216654 0.117 41.2
Chaenactis carphoclinia 69369 0.020 12.5 58311 0.032 10.5
Chaenactis fremontii 20107 0.006 4.2 18096 0.010 3.8
Chaenactis macrantha 3016 0.001 0.5 2513 0.001 0.4
Eriophyllum pringlei 503 0.000 0.0 8043 0.004 0.5
Lygodesmia exigua 1005 0.000 0.2 1005 0.001 0.2
Machaeranthera tortifolia 503 0.000 0.0
Malacothrix glabrata 4021 0.001 1.6 503 0.000 0.2
Stephanomeria exigua 503 0.000 0.0
Stylocline micropoides 27647 0.008 0.6 6535 0.004 0.1
Caulanthus cooperi 14075 0.004 2.5 12567 0.007 2.3
Descurainia pinnata 212130 0.062 57.3 59316 0.032 16.0
Lepidium fremontii 1005 0.001 0.0
Lepidium lasiocarpum 4524 0.001 1.4 16086 0.009 5.1
Streptanthella longirostris 3519 0.001 1.8 10556 0.006 5.5
Thelypodium lasiophyllum 61327 0.018 10.4 48257 0.026 8.2
Nama demissum
Phacelia fremontii 38203 0.011 8.4 15583 0.008 3.4
Phacelia vallis-mortae 12567 0.004 5.7 10054 0.005 4.5
Mentzelia veatchiana 19604 0.006 4.7
Sphaeralcea ambigua 503 0.000 0.0
Oenothera munzii 55797 0.016 15.1 18599 0.010 5.0
Eschscholzia glyptosperma
Gilia cana 1508 0.000 0.5 503 0.000 0.2
Gilia transmontana 74899 0.022 12.0 29658 0.016 4.7
Ipomopsis polycladon 50268 0.015 3.0 13070 0.007 0.8
Longloisia setosissima 45744 0.013 1.8 27647 0.015 1.1
Linanthus demissus 2513 0.001 0.1 1508 0.001 0.1
Chorizanthe brevicornu 56300 0.017 4.5 32171 0.017 2.6
Chorizanthe rigida 14578 0.004 4.7 40214 0.022 12.9
Eriogonum maculatum 503 0.000 0.1
Eriogonum nidularium 503 0.000 0.1 1508 0.001 0.2
Eriogonum trichopes 21615 0.006 5.4 11059 0.006 2.8
Oxytheca perfoliata
Delphinium parishii 2513 0.001 5".5
Linanthus bigelovii 503 0.000 0.1
Calycoseris wrightii
Rafinesquia neomexicana 3519 0.001 1.7
Unknown 503 . 0.0.00 0.3
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Table 7 presents combined shrub and annual plant biomass production as kg
per hectare estimates on the dry weight basis for the 4 plots and the 3 years.
The maximum differences among the 4 plots for each of the 3 years was 27% for
1966, 32% for 1967, and 36% for 1968 which was the year of highest productiv
ity. Plot C gave the highest productivity for each of the 3 years and Plot D
gave the lowest productivity for each of the 3 years.

Table 7. The estimated combined shrub and annual and perennial herba-
ceous biomass production (kg / hectare) (dry weight).

Year Standing crop weights

Herbaceous Shrubs Both

Plot - A

1966 140 530 670
1967 70 310 380
1968 260 445 705

Plot - B

1966 260 430 690
1967 30 280 310
1968 250 395 645

Plot - C

1966 130 635 765
1967 40 380 420
1968 280 550 830

Plot - D

1966 210 355 565
1967 40 250 290
1968 200 335 535

Mean biomass production for 1966 and 1968 was about 650 kg per hectare
and about 350 kg per hectare for 1967. Rosenzweig (1968) predicted about 600
kg per hectare for an area of 10 to 12 cm evapotranspiration per year.

The rainfall (July 1 through June 30 of each year and shown in 1/3 year
sums) for the 3 years (Air Resources Laboratory Station in Rock Valley) is
given in Table 8. The combined yearly production estimates, also shown,
correspond well with late fall and winter rainfall (see also Beatley, 1969).

Summary

Estimates of net leaf and fruit production of shrubs and of net production
of entire herbaceous plants were made for four plots each 9.12 hectares in
area for 1966, 1967, and 1968 in the Rock Valley study area of the Nevada
Test Site. Weights of annual plants were not obtained for 1966 and 1967 and
so biomass expressions for annual plants in these 2 years were an average of
annual plant weights taken in 1968 and 1969. Abundance and density values for
annual plants in all 3 years had this 2-year weight average applied to them to
give an approximation of net primary productivity as standing crop biomass.
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Table 8. Rainfall for each year versus standing crop for each year.
Rainfall is in em and standing crop is in kg per hectare.

Year and month Rainfall Standing crop
(combined plots average)

Herba- Shrubs Both
ceous

1965-1966
July, August, September, October 1.46
November, December, January, February 13.70
March, April, May, June 1.25 185 487 672

1966-1967
July, August, September, October 1.20
November, December, January, February 4.47
March, April, May, June 4.34 45 305 350

1967-1968
July, August, September, October 6.89
November, December, January, February 7.04
March, April, May, June 1. 60 247 431 678

The reported yearly biomass values for the herbaceous plants, therefore, would
have somewhat broader fluctuations than our data would indicate. Measure-
ments and weights were sampled at peaks of leaf and fruit maturity in late
April, May, and early June of each year. Over the 3-year period shrub
weights comprised about 75% of the total primary productivity measured and
the magnitude of this percentage seemed to vary inversely with total rainfall.
Annuals appeared to be more sensitive to low amounts of rainfall and to
changes in seasonal distribution of rainfall than did shrubs. Species diversity
of annuals, as well as size and numbers of individuals, decreased with failure
of fall and winter rainfall in the 1966-1967 growing season. Numbers of plants
were about 75% greater in 1968 than in 1966 but total dry weights remained
nearly equal. Relative leaf production of the shrubs showed 1. divaricata was
greater than 1. andersonii >;§. nevadensis > K. parvifolia> 1. pallidum > .Q.
ramosissima > E. dumosa > Q. spinosa> Q. fremontii >~. lanata >~. shock
levi. Relative fruit production showed E. dumosa was greater than 1. ander
sonii > ~. divaricata > !f. parvifolia > 1. pallidum > A. shockleyi > Q. spinosa
> C. ramosissima> E. nevadensis > D. fremontii> E. lanata. In 1966 and
1968 primary production for the combined herbaceous and shrub biomass at
the completion of the spring growing season was nearly equal while 1967 pri
mary production estimates were about 50% of the 1966 and 1968 values. Net
primary productivity totals were closely correlated with differences in fall
and winter rainfall.

H. Kaaz collected these data and he is the principal author of this report.



ECOLOGICAL ATTRIBUTES OF PERENNIAL PLANTS

IN THE NORTHERN MOJAVE DESERT

In a preceding section we presented a study of a measure of species
association between pairs of perennial plants common to the northern Mojave
Desert. It was pointed out that spatial relationships among plant species com
monly are characterized in terms of association, dispersion, patterning, trend,
etc. We present herein some results from continued studies on ecological at
tributes of perennial plants in our study plots near Mercury, Nevada. Included
are data on plant dispersion (nearest neighbor), density, frequency, ground
cover, and biomass calculated from non-destructive dimensional measure
ments.

Materials and Methods

A description of the Mercury Valley study plots and the field methods of
analysis appears in a preceding section (p. 205). Methods used enabled us to deter
mine the numbers, species composition, volume, area, weight, and spatial
characteristics of each plant in terms of its presence as a solitary specimen
or as a member of a clump of shrubs grouped together with interlocking foli
age. We want to reiterate that the exact physical location of all shrubs ineach
of 25 plots was identified by polar coordinates in order that we might develop
the spatial analysis studies of association and dispersion on a quantitative
level. Field assessment data were transferred to punch cards for computer
analysis.

Program for Determining Plant Dispersion

1. The raw data for this program were obtained from 25 sampled plots.
Each plant location is a measured distance from the center of the plot at a
measured angle clockwise from magnetic north.

2. The first computer program converts shrub locations from polar to
cartesian coordinate locations by means of trigonometric functions so that the
plot (treated as a 30.5 X 30.5 m square) has the zero position of X and Yin
the upper left corner; the X and Y values for locating each shrub will be rela
tive to this position (Figure 1). The plot number, species number, X value,
Y value, and clump number (if the plant is a member of a group) are stored
and manipulated in our next step as a single record unit.

3. The next step is a SORT program. The stored record units are sepa
rated by plot number and then by identification within each plot. Each species
is then sorted into ascending order of its X values. If there are identical X
values, then a sort into ascending order of Y values takes place. The integrity
of the record unit is unaltered. The sorted group of units is again stored for
the next manipulation.

4. The last step calculates, for each individual plant, the distance to the
nearest plant of the same species and outputs the results (Figure 2). The logic
of this maneuver follows:

a. Record units from the previous step are read into this step and manip
ulated by p~ot and by species. Species number, X axis value, Y axis value,
and group value from each record unit are copied into separate subscripted vec
tors so that they may be treated separately but still maintain their unit integ
rity. For example, the X (5) element in our X vector contains the value of our
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fifth sorted record unit value for X; the Y (5) element in our Y vector contains
the value of our fifth sorted record unit value for Y.

b. We are now ready to search for the "nearest neighbor" of each individ
ual plant of the same species within a plot. The plant with the smallest X will
be chosen first and the order of search for the nearest neighbor will be to test,
in ascending order, each species member by increasing size of its X value.

10050o
0+---r------L----------1

e

Y 50

Y,

(TeS! Plan!

x;-:~
I---'-----e

X2 8

o

Tes! plan! being
evaluated as
nearest neighbor

e
o ...L- ...J

x
X2 - X, = 8

Y2 - Y, = A

D = J A2 + 8 2 = Distance to plant

Figure 2. Calculation of the distance from test plant to nearest
neighbor. The X's for each plant are sorted into an ascending
order. For each iterative triangle solution we retain the smallest
D value. When we reach the point where our new B is greater than
the D we are retaining, we stop.

We then test, in like manner, by descending order. Obviously the first plant
will have plants to the right in ascending order of X but will not have any plants
to its left in descending order since it is the first plant. The actual nearest
neighbor distance will be calculated as the hypotenuse of a right triangle using
the difference of squares formula:

c. It is imperative to remember that we are always working with X values
sorted in ascending order. The X side of our right triangle is derived from
the difference between the X value of our chosen plant and the X value of the
plant being tested as nearest. The Y side of our right triangle is derived from
the difference between the Y value of our chosen plant and the Y value of the
plant being tested as nearest. From our formula we can determine the hypot
enuse which is the distance to the plant being tested as nearest.
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d. We begin by giving our first hypotenuse a value greater than the plot
dimension and by setting the X side of our triangle to zero. Now we start an
iterative process whereby we first test the size of our side X against the size
of our hypotenuse. We will repeat our test until side X is equal to or greater
than our last previously held hypotenuse. We take the X value for the first
plant in our Xn vector and we also take the next plant in order, which will have
the next largest X value, and solve th.e difference of squares formula for these
two plants. We retain two values, the hypotenuse which is the actual distance
and the value for the X side of our triangle. We then test to see if this distance
is less than the distance we initially placed into our hypotenuse. If this is true
we exchange values and repeat our procedure retaining the smaller distance
and our last X side value. We test side X against our distance again. As long
as side X from our last triangle test is less than the distance (hypotenuse) we
are retaining, we will continue to test additional plants against the one for
whose value we are searching. Each time we iterate this process we check
the new distance against the one we are holding and keep the smaller one.
When side X of a triangle is equal to or greater than this distance, we knowwe
have the minimum distance with the last retained hypotenuse and we stop. Now
we must remember that, after the first X, we will have X values both larger
and smaller than that of the plant we are testing so, using the same method as
before, we must now search in descending order the X values smaller than
the one we are solving for. When we reach the same end point as above, we
will have the shortest distance from this plant to its nearest neighbor of the
same species in the same plot.

e. We repeat this process by species and by plot for all individual plants.
A modification of this program calculates the nearest plant of any species.
Many combinations and comparisons are possible with this basic method. The
collected information is output in the manner set forth in our PL/1 program.

Calculation of other Ecological Attributes

The calculations for most of the other attributes determined in this study
simply involve mathematical permutation of raw field data. However, to as
sist in carrying out the more exact analysis regarding floristic systems, we
began with a study of species composition and numbers. From this vantage
point we then proceeded to the quantitative measurements of species in the
stand. The analysis was plot by plot with a final summary.

L Density. This is the average number of individuals per sampled area
or per unit area. We have converted our plot numbers for each species to
numbers per hectare.

2. Frequency. This is an expression of the percentage of sample plots
in which a given species occurs. An estimate is obtained of the distribution
of the species throughout the sample area. In this particular case we have a
100% census of the individuals of each species in each of our 25 plots, and our
frequency value is a histogram type frequency distribution which tells us the
percentage of each species present in terms of numbers of that species com
pared to the total number of individuals in the plot.

3. Relative Dominance. This is an analytical measure of plant impor
tance in terms of basal area occupied by a species compared to basal area oc
cupied by all species X 100 which yields an index of relative dominance.

4. Basal Area. Although density and frequency measurements provide
analytical indexes, they do not give us any information regarding size which
may be far more important in larger, less numerous species. Cover is the
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term most often used to indicate the area occupied by a species; generally it
is a measure of area covered by the crown of plant foliage. We have defined
basal area as the mean area occupied by a species in a plot times the density
of the species in the plot converted to m2 per hectare.

5. Mean Individual Area. This is simply the mean area occupied by an
individual of a given species in the plot.

6. Total Species Volume. This value is derived by using the formula
for a cylinder and accepting the error resulting from the inadequacies of cor
rect measurement. Volume was obtained for each species in each plot and
converted to m3 per hectare.

7. Mean Individual Volume. This value is given in m3 for each species
in each plot. It is the volume of an average plant.

8. Ground Cover. Because the plot census was 100%, we have been able
to accumulate the areas of all individuals of each species, and to calculate the
actual ground covered by each species as a per cent of the total plot area. We
also obtained the total ground cover for all species.

9. Total Species Biomass. It was necessary to determine in some ap
proximate manner the weight of above-ground material for each species in our
sample plots, in order to relate plant volume to biomass. We did not wish to
denude vegetation from our sampled plots so destructive sampling was done in
the general area outside of the plots on a representative number of plants for
the 12 most prominent species. We took height and width measurements and
dry weights of the above-ground components so that we might use the dimen
sional measurements to obtain an estimate of standing crop biomass for each
of the species sampled. We applied the volume and weight values to a BMD05R

Figure 3. Plot of observed values and linear regression line used
for estimating biomass from dimensional analysis for Lycium ander
sonii.
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Table 1. Regression of dry weight (kg) on volume indexes (m3 ) for 12
prominent shrub species in the Mercury plots.

Sample Correlation Regression
size coefficient

Plant species n r W (kg) = aV - b F value

Acamptopappus shockleyi 46 0.89 W = 2.36V + 0.004 159.74
Ephedra funerea 16 0.93 W = 1. 64V - 0.030 94.94
Eurotia lanata 51 0.87 W = 2. 16V - 0.002 149.69
Franseria dumosa 67 0.89 W = 2. 13V + 0.001 250.16
Grayia spinosa 51 0.86 W = 1. 69V + O. 043 136.19
Krameria parvifolia 34 0.86 W = 1. 84V - O. 001 94.83
Larrea divaricata 33 0.91 W = 1.15V + 0.076 158.39
Lycium andersonii 52 0.88 W = 1. 35V + 0.190 171.46
Machaeranthera tortifolia 13 0.99 W = 1. 07V - O. 004 >103
Oryzopsis hymenoides 6 0.77 W = O. 52V + O. 022 5.96
Sphaeralcea ambigua 16 0.88 W = O. 33V + O. 001 46.20
Yucca schidigera 13 0.77 W= 3.04V+ 0.458 6.41

Table 2. Dispersion of shrub species in one of the Mercury plots indicat-
ing the distance from a given species to its nearest neighbor of
any species.

Total Group* Solitary Distance to nearest neighbor
of any species

plants plants plants Mean Std. Group Solitary
dey. mean mean

Plant species m m m m

Acamptopappus shockleyi 219 73 146 1. 03 0.88 1. 23 0.92
Atriplex confertifolia 12 9 3 5.42 3.49 3.77 4.25
Ephedra funerea 9 9 0 6.97 2.72 6.96 0.00
Ephedra nevadensis 17 15 2 4.80 2.90 4.52 3.78
Eurotia lanata 4 4 0 5.91 3.95 5.91 0.00
Franseria dumosa 154 125 29 1.24 1. 04 1. 91 1.47
Grayia spinosa 15 14 1 3.77 3.01 3.95 1.27
Krameria parvifolia 35 33 2 3.04 2.69 3.01 0.29
Larrea divaricata 37 35 2 2.40 2.26 2.42 2.10
Lepidium fremontii 11 7 4 5.32 3.05 3.15 6.84
Lycium andersonii 33 30 3 3.34 2.13 3.34 3.27
Machaeranthera tortifolia 97 81 16 1. 03 1. 62 0.88 1. 75
Oryzopsis hymenoides 5 4 1 5.38 3.50 4.80 4.62
Salazaria mexicana 9 9 0 2.23 3.89 2.84 0.00
Sphaeralcea ambigua 65 48 17 1. 88 1. 89 2.00 1. 55
Yucca schidigera 10 8 2 2.36 3.83 2.75 0.79

*Members of clumps of shrubs having interlocking foliage.
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polynomial regression program. As an example, results for Lycium ander
sonii are illustrated in Figure 3. Although the computer program treated our
values in both linear and quadratic fashion, we found no gain in significance
using the quadratic form and our results are based on the BMD linear regres
sion program. Table 1 contains a summary of regressions of dry weight on
volume indexes for the 12 prominent shrub species. The correlation coeffi
cients all have F values which are significant at the 5% level. These data were
used to calculate the biomass for the 12 species in the Mercury plots which
account for more than 95% of the total biomass.

Results and Discussion

Examples of plant dispersion data are shown in Tables 2 and 3. The data
in Table 2 indicate the numbers of each species in a representative plot and
the mean distance from a given specimen to its nearest neighbor of any species.
The results are classified according to species occurrence, as solitary plants
or members of a group or clump. The differences in plant dispersion are

Table 3. Dispersion of shrub species in the combined Mercury plots
indicating the distance from a given species to its nearest
neighbor of the same species (for all 25 plots).

Total Group* Solitary Distance to nearest neighbor
of same species

plants plants plants Mean Std. Group Solitary
dev. mean mean

Plant species m m m m

Acamptopappus shockleyi 3601 1711 1890 1.14 1.12 1.10 1.16
Atriplex confertifolia 149 117 32 2.93 2.46 2.94 2.97
Cactus (not identified) 69 57 12 8.21 5.63 7.74 10.41
Coleogyne ramosissima· 10 9 1 1. 54 2.82 1. 60 0.96
Dalea fremontii 26 9 17 7.19 5.37 8.72 6.37
Ephedra funerea 268 228 40 4.80 3.54 4.67 5.56
Ephedra nevadensis 399 341 58 3.13 3.33 2.81 4.96
Eurotia lanata 4285 3780 505 0.96 1.13 0.93 1.18
Franseriadumosa 4206 3285 921 1.17 1. 03 1.13 1.30
Grayia spinosa 505 488 17 2.84 3.15 2.82 3.45
Hilaria rigida 62 39 23 0.74 1. 91 1. 02 0.29
Krameria parvifolia 1718 1362 356 1. 94 1. 63 1. 99 1. 73
Larrea divaricata 1272 1133 139 2.12 2.01 2.15 1. 86
Lepidium fremontii 57 45 12 4.69 3.68 5.13 3.06
Lycium andersonii 1126 1093 33 2.44 1. 91 2.42 3.14
Machaeranthera tortifolia 267 233 34 2.03 2.61 1. 89 2.93
Menodora spinescens 24 20 4 4.59 5.53 4.72 3.92
Oryzopsis hymenoides 228 186 42 3.42 3.83 3.07 4.93
Psilostrophe cooperi 5 2 3 1. 82 2.54 0.39 2.80
Salazaria mexicana 114 104 10 1. 83 3.73 1. 95 0.53
Sphaeralcea ambigua 1377 891 486 1. 93 1. 81 1. 94 1. 91
Stipa speciosa 108 101 7 1. 83 2.57 1. 83 1. 88
Yucca schidigera 183 162 21 5.52 3.88 5.46 5.98

*Members of clumps of shrubs having interlocking foliage.
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much greater between species than they are between solitary or grouped spec
imens of the same species. The data in Table 3 summarize the dispersion for
the combined plots in terms of the mean distance from a given specimen to its
nearest neighbor of the same species. Here again, the differences caused by
group or solitary occurrence generally were insignificant compared to the dif
ferences between species. Plant species showing greatest dispersion gener~

ally were of low density in the plots, as one might expect. They included some
unidentified specimens of cactus, Dalea fremontii, Yucca schidigera, Ephedra
funerea, Menodora spinescens and Lepidium fremontii.

Table 4 contains results of ecological attributes of perennial plants for one
of the Mercury Valley plots with some of these data reclassed according to
group or solitary occurrence in Table 5. Space will not permit including data
for all 25 plots; however, the results for the combined plots have been summar
ized in Table 6. Nine perennial plant species account for most of the floristic
characteristics in Mercury Valley. They are, in order of decreasing biomass,
Yucca schidigera, Franseria dumosa, Larrea divaricata, Lycium andersonii,
Eurotia lanata, Krameria parvifolia, Ephedra funerea, Grayia spinosa, and
Acamptopappus shockleyi. The shrub species contributing the most ground
cover are Franseria dumosa (4%), Larrea divaricata (2.9%), and Lycium
andersonii (2.9%), followed closely by Krameria parvifolia (2.6%). The shrubs
of highest density include Eurotia lanata, Franseria dumosa, and Acamptopap
pus shockleyi, respectively. It appears to be ecologically significant that seed
lings of these three species are the ones most commonly found in the sampled
plots. In summary, our quantitative analysis of perennial plants of the north
ern Mojave Desert in Mercury Valley indicated a mean density of 10,988 per
hectare, 19.2% ground cover, and an above-ground biomass of 2,194 kg per
hectare of which about 90% is contributed by plants growing together in clumps
in group association.

Summary

Some ecological attributes of perennial plants native to the northern Mojave
Desert were analyzed for study plots in Mercury Valley, Nye County, Nevada.
Shrubs contributing the most ground cover on the study plots are Franseria du
~, Larrea divaricata, and Lycium andersonii. These shrubs and 25 less
common perennials, herbs, and grasses form discrete clumps of vegetation
separated by bare areas of desert pavement. The size and spacing is irregu
lar, and as many as ten different species may congregate with interlocking
foliage. Non-destructive measurements, including spatial identity, heights
and diameters were made of all perennial plants in 25 plots, each 30.5 min
diameter. From these measurements, quantitative determinations were made
of species dispersion, density, frequency, ground cover, and several other
attributes. Shrubs were collected from adjacent areas, measured, dismem
bered, oven dried, and weighed. Regressions of above-ground biomass on
volume indexes were calculated for 12 species estimated to contribute more
than 95% of the total perennial plant biomass. These regressions were used
to determine the total standing crops of these plants in the Mercury Valley
study plots.



THE LARREA DIYARICATA ECOTONAL LINE

NEAR TIlE FRENCHMAN FLAT PLAYA

The bajadas draining into playas of closed basins in southern Nevada often
have an ecotonal demarcation line below which Larrea divaricata does not grow
(Figure 1). Various hypotheses have been presented for this phenomenon and
these include low temperature (Beatley, 1965), salinity (Shreve, 1940; Shantz
and Piemeisel, 1940), fine textured soil (Gardner, 1951; Branson et al., 1967),
and excess water (Fosberg, 1940; Shreve and Wiggins, 1964).

Figure 1. Larrea divaricata ecotone line near the playa of French
man Flat.
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Table 1. Distribution of plant species in a 15 X500 m transect across a
Larrea-Atriplex ecotone in west Frenchman Flat.

Species Number of plants in 15 X 50 m segments*

1 2 3 4 5 6 7 8 9 10

~. divaricata 0 1 0 0 0 11 38 54 59 59
~. lanata 284 354 310 135 45 146 111 145 204 234
A. canescens 64 33 21 74 101 41 3 7 0 0
A. confertifolia 2 1 0 0 2 0 0 0 0 0
li. salsola 167 48 53 132 145 61 1 0 0 0
~.shockleyi 159 63 72 18 9 10 28 44 32 37
Q. spinosa 35 55 60 22 23 20 75 105 147 182
L. andersonii 13 13 13 5 4 15 8 31 46 89
~. pallidum 81 91 84 85 63 44 16 4 0 0
T. axillaris 13 10 10 12 19 30 6 0 0 1
g. hymenoides 90 39 40 61 27 53 56 139 37 40
F. dumosa 110 115 82 43 13 39 50 159 140 173
A. spinescens 56 41 105 114 29 11 5 0 0 0
~: pestifera 22 9 0 8 13 0 0 0 0 0

*Segments are numbered from lower to higher elevation, i.e., away from the playa.

The distribution of plant species in the transition zone of the Larrea
Atriplex ecotone at Frenchman Flat was examined at two different locations
several km apart. Data from 15 X 500 m transects across the ecotone are
given in Tables 1 and 2. There is a definite trend for the density of some plant
species to be inversely related to that of ~. divaricata, and the distribution
data also disclosed that the ecotone exists for other species as well as for L.
divaricata. The factors which regulate the distribution of ~. divaricata also
would appear to regulate the distribution of some other species. The two sites
selected for study were chosen because of their apparent diversity in subdom
inant species associations in the Larrea-Atriplex ecotone line. Vegetation at
the west Frenchman Flat site was more complex and the terrain features sug
gested greater possibilities of diversity in edaphic factors than might occur at
the north Frenchman Flat site. We had not made sufficient progress on studies

Table 2. Distribution of plant species in a 15 X500 m transect across a
Larrea-Atriplex ecotone line in north Frenchman Flat.

Species Number of plants in 15 x 50 m segments*

1 2 3 4 5 6 7 8 9 10

1· divaricata 0 0 1 0 3 28 54 40 75 55
.E. lanata 1 1 2 4 6 25 10 52 84 99
E· dumosa 0 0 14 23 29 47 16 96 168 263
£. subspinosa 0 2 1 1 4 6 11 26 29 59
~. canescens 202 240 192 183 246 149 100 75 47 54
§.. pestifera 56 44 56 42 54 18 0 0 0 1
L. andersonii 0 0 0 1 0 0 1 3 5 2
§:. ambigua 203 256 129 126 121 49 106 50 61 37

*Segments are numbered from lower to higher elevation.
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of edaphic factors at these sites to include results in this report; some prelim
inary examinations of the soil profiles, however, indicated some marked differ
ences in texture and particle size in the lower horizons.

At the west Frenchman Flat site (Table 1) the ~. divaricata line tended also
to be a Grayia spinosa line, but to a lesser extent since the g. spinosa did not
disappear like 1. divaricata does; fewer plants are encountered at the lower
end of the transect. Lycium andersonii behaves similarly. Atriplex canescens,
perhaps Atriplex confertifolia, Hymenoclea salsola, Lycium pallidum, ,Tetra
dymia axillaris, Artemisia spinescens, and Salsola pestifera behave oppositely
to ~. divaricata. Since some of these species form associations elsewhere with
L. divaricata, the amplitude of each must be involved. This ecotone line is
complex and indicates that microenvironmental factors may be involved.

At the north Frenchman Flat ecotone line (Table 2) the situation is much
simpler. The distribution pattern of Eurotia lanata and Franseria dumosa
across the ecotone is much like L. di~a which did not occur at the west
Frenchman Flat site. Different factors, therefore, must be involved. Another
species, Polygala subspinosa behaved like the 1. divaricata also. ~.~
~ diminished less abruptly into the Larrea ecotone than occurred at the
west Frenchman Flat site; simple competition could explain part of this effect.
~. pestifera grew where the 1. divaricata did not and this may indicate some
type of soil disturbance. Since E. lanata distribution paralleled L. divaricata,
one might conclude that soil salinity is not the causal factor involved in this
particular ecotone inasmuch as ~. lanata can grow in moderately saline soil
(Vest, 1962) but 1. divaricata does not. On the other hand, sensitivity of seeds
and young seedlings to soil salinity and pH could be one of the limiting causal
factors involved at these ecotones either at the present time or in early periods
when the population initially became established.

Preliminary checks on the upper 0.5 m of the soil profile at the extreme
ends of our transects showed soil pH values ranging from 8.7 to 9.0 for both
sites. The soil conductance values of 1:1 soil extracts were relatively low,
ranging from 0.23 to 0.34 mmhos/cm (Ec X 103 at 25°C). Soils in this area
are generally calcareous and relatively low in exchangeable sodium. For ex
ample, a soil sample collected earlier near the west Frenchman Flat site had
pH 8.6; cation exchange capacity, 9.98; extractable cations: Na 0.48, K,
2.32; Ca, 83.56; Mg, 6.58 me/100 g; and carbonates, 33 per cent. The upper
soil profile in these areas does not appear to be saline-alkali; conditions at
lower depths are not yet known but they are being investigated. In some recent
work, Barbour (1968), observed that 1. divaricata seed germination was not
affected by soil pH but that seedling root growth was markedly decreased with
increasing pH, especially above pH 8. O. The lack of young 1. divaricata in
the ecotonal area suggests that seedling survival is a rare event which may be
regulated by the high soil pH levels now present. We do, however, see size
stratification within the shrub population indicating that favorable conditions
for seedling survival have periodically occurred, presumably many decades
apart. There is certainly the possibility that the pH of soil on or near the
playas of these closed basins has gradually increased over the centuries from
accumulated salts so that new ~. divaricata seedlings now rarely survive.

Mineral contents of leaf samples from shrubs grOWing at the two study
sites are given in Tables 3 and 4. Results are revealing with respect to differ
ences in the accumulation of a given element in leaves of different species grow
ing at the same site. Samples of shrubs which grew at both ends of the 500 m
transects did not vary greatly in mineral content. Perhaps plant analyses will
be more revealing when they can be correlated with the chemical characteristics
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Figure 2. Flooding of closed basin floors after heavy rains
and snow melts.

and physical properties of soils on which they grow. Data in the tables may
suggest a reason for distribution of Lycium species.

Another factor which might be involved in regulating the distribution of
~' divaricata and some other species near the playas of closed basins is peri
odic flooding of the basin floor beyond the boundaries of the apparent dry lake
bed. Such an event occurred in several of these closed basins in southern
Nevada and southeastern California after unusually heavy rains and snow melts
in 1969 (Figure 2). Shrub species sensitive to poor root aeration or standing
water on foliage could be damaged when inundated with flood water. L. divar
icata is a species known to require good aeration of the root zone and-weU::
drained soils (Shreve and Wiggins, 1964). Complete inundation need not neces
sarily be affected; a higher than normal water table might be just as detrimen
tal to some sensitive species.

An interesting case in point occurred in 1969 when unusually heavy spring
runoff filled the terminal basin of the Mojave River watershed located just
north of Baker, California (Figure 2). Standing water inundated vegetation for
several months and an investigation the following year showed a band of appar
ently dead shrubs, from 100 to 200 m wide in places surrounding the dry lake
playa. The last time this basin had flooded to this extent was in 1937 accord
ing to California Highway Department information. Ring counts in some of the
stems of the largest dead Atriplex species varied from 33 to 37 growth rings
indicating that these shrubs had established themselves near the playa in the
3.2-year interval between floods.

Not all Larrea ecotone lines are related to playas. The one shown in
Figure 3 is related to air drainage or to maximum and minimum temperatures.
It is a south-facing $lope near the northern limit of the test site and near the
northern limit for ~' divaricata (Beatley, 1965).

Summary

An analysis has been made of the vegetation across the Larrea divaricata
ecotone line in Frenchman Flat above the playa at two different locations. Dif-



Figure 3. A L. divaricata ecotone line (near middle of picture and
running across it) due to temperature; it is on a south-facing slope
looking north from Pahute Mesa Road 1 mile west of Orange Road
at the Nevada Test Site.

ferences exist for the two transects. Franseria dumosa and Eurotia lanata
numbers varied inversely with L. divaricata in one location but not in the other.
Atriplex canescens numbers varied opposite to that of 1. divaricata at both
locations. Artemisia spinescens was at one location only, and was negatively
correlated with 1. divaricata. Distribution of Lycium pallidum which is salt
tolerant varied oppositely to 1. divaricata and Lyciu~ andersonii tended to
vary directly with it. Mineral analyses of plants for the 2 ecotone lines are
given. The relationship of Larrea ecotone lines to various environmental fac-
tors is discussed. ---



AR TEMISIA, EUROTIA, AND JUNIPERUS ECOTONAL LINES

ON PAHUTE MESA

Ecotonal lines involving different shrub species are common in the Great
Basin and Mojave Deserts. The patterning of vegetation in these deserts char
acteristically may include large areas which are occupied continuously by a
single type of vegetation. Often, however, there are smaller areas in which
certain shrub types may be found in virtually pure stands. While passing
through these areas, one's attention can be focused on the sharpness of the
boundaries between the zones occupied by each shrub type and on the great
predominance of one or a few species in each type. These ecotonal boundary
lines are most noticeable in areas where marked color changes or size differ
ences occur in the adjacent shrub species.

It has been widely suggested that these vegetation communities within the
ecotonal lines are an expression of edaphic factors in the environment (Kearney
et al., 1914; Clements, 1920; Flowers, 1934; Shantz, 1938; Weaver and Clem
ents, 1938; Shantz and Piemeisal, 1940; Billings, 1945, 1949, 1950, 1952;
Fautin, 1946; Mason, 1946; Fireman and Hayward, 1952). More recent work,
however, casts some doubt upon the influence of existing soil properties on
the vegetation mosaic because distinct patterns of vegetation have not been
found to correlate with sharp changes in the physical and chemical properties
of soil (Gates et al., 1956; Vest, 1962; Mitchell et al., 1966; Branson et al. ,
1967).

Artemisia, Eurotia, and Juniperus ecotonal lines are common in the high
er elevation areas of the Nevada Test Site. Figure 1 (following page) shows a
typical example of one on Pahute Mesa in which Artemisia tridentata and
Juniperus osteosperma exist in essentially pure stands on a west-facing bajada
sloping gently onto a playa covered with a pure stand of Eurotia lanata. r.
osteosperma occupies the upper regions of the bajada and fl. tridentata occu
pies the zone between these two shrub types. The width of the A. tridentata
community varies considerably. In some places, however, it exists in narrow
bands having sharp ecotonallines with the adjacent species, as shown in Fig
ure 1. We found this area of particular interest to study because of the sharp
ness of the ecotones.

An examination of the soil profile along a line transecting these ecotones
disclosed some interesting differences in edaphic characteristics between the
three-species ecotones. The soil of the Juniperus region is virtually undevel
oped at the surface of an outcrop of Paleozoic limestone and dolomite parent
material. The hardpan just a few cm below the friable surface material can
not be penetrated easily without a hand pick or heavy digging equipment (Figure
2). The slope is sufficient to permit erosion of fine-textured, weathered
materials down-slope during heavy rains. Soil in the Artell'isia zone has a
well-developed profile with considerable coarse-textured material, as shown
in Figure 3. The soil profile is well aerated to depths of at least 1 m before
encountering the hard pan or parent material. The soil on the playa occupied
by E.. lanata is fine-textured to depths greater than 1 m, but there are no
indications that it is poorly drained (Figure 4).

Determinations of the profile characteristics and the physical and chem
ical properties of these soils are in progress. A few preliminary data on
particle size analysis and salinity properties appear in Table 1. There are
marked differences in the particle-size distribution in the soil profile of these
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Figure 2. Surface soil material
overlaying the hardpan outcrop of
limestone parent material occupied
by i.. osteosperma on Pahute Mesa.

Figure 3. Soil surface material in
the zone occupied by a pure stand of
A. tridentata. Note the course
textured well aerated nature of this
profile.

Figure 4. Fine-textured soil sur
face material of the playa occupied
by a pure stand of~. lanata.
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ecotonal areas. 'The pH is relatively high, but there are no zones of high-salt
accumulation in the upper soil profile. There is, however, a trend for higher
salt content in the surface material of the playa. In this particular location,
the vegetation mosaic correlates very neatly with edaphic factors; the ecotonal
lines occur where sharp changes exist in the physical properties of the soil
profile. Data are not yet available for correlating chemical properties, but
the mineral composition of some plant samples taken from these ecotones
(Table 2) does not indicate that marked differences should occur in the chem
ical properties of these soils. Unfortunately no single shrub species is com
mon to each of these ecotones to serve as an indicator plant. An occasional
Chrysothamnus viscidiflorus shrub occurs in the Juniperus region and two
grasses, Oryzopsis hymenoides and Sitanion hystrix, are scattered sparsely
among the Eurotia without any apparent relationship to the orientation of the
ecotonal boundaries.

West (1969) observed that fl. tridentata did not grow well on soils derived
from dolomitic materials in the White Mountains of California. Kearney et al.
(1914) found~. tridentata occurring chiefly on benchlands and on coarse
textured soils with low-salt content in Tooele Valley, Utah. Shantz and
Piemeisel (1940) found~. tridentata growing on moderately light-textured
soils with low-salt content in Escalante Valley, Utah. E.. lanata was growing
on soils of fine texture with low-salt content in the upoer profile, but often
with salts up to 1 per cent at depths below 2 feet. Earlier, Clements (1920)
and Weaver and Clements (1938) reported that soils occupied by Artemisia
were free from large amounts of salts and were suited for agricultural pur
ooses, unless too shallow. (Those acquainted with the history of the Mormon
Pioneers, and the'ir successful agricultural colonization in the intermountain
west during the period from 1848 to about 1880, will further appreciate the
fertility of soils occupied by~. tridentata.) Weaver and Clements also re
ported that the occurrence of E. lanata indicated soils that were nonsaline in
the first 12 inches, but salineat greater depths.

The question of possible allelopathic effects from toxic substances of one
plant on another cannot be ignored; however, the preponderance of cases seen
on Pahute Mesa where each of these species grow together in mixed communi
ties would indicate that allelopathic conditions are of little significance in this
study area among the three species in question.

Summary

Artemisia, Eurotia, and Juniperus ecotonal lines are prevalent at higher
elevations of the Nevada Test Site. Preliminary studies at one area on Pahute
Mesa disclosed that the vegetation mosaic correlates very neatly with local
edaphic factors in that ecotonal lines occur where sharp changes exist in the
physical characteristics of the soil profile. Juniperus occurs on limestone
dolomite outcrops with shallow surface soil and under-lying hard-pan structure.
Artemisia occurs on coarse-textured, well-drained soil of low-salt content.
Eurotia occurs on fine-textured playa soil with slightly higher salt content.



ROOT SYSTEMS OF SOME SHRUBS

IN THE SANDY WASH AREA OF ROCK VALLEY

During the summer of 1967, specimens of several different shrub species
were excavated in the sandy wash area of Rock Valley in order to determine
root and shoot biomass and investigate unique structural patterns which exist
among the prominent shrub species. The root habits of desert plants were the
subject of an extensive study ~eported by Cannon in 1911.

The terrain at the excavation site is unlike that of most of Rock Valley which
is underlain by caliche hardpan. Figure 1 is a view of the excavation site
which also shows an outcropping of the caliche hardpan on the eroded bank of
the wash transecting the area. This hardpan layer generally is encountered
at depths varying from 10 to 70 cm on the bajadas of the valley and, as one
might expect, it markedly influences the distribution and patterning of vegeta
tion.

This site was chosen to facilitate hand tool excavation in order to examine

Figure 1. Root excavation site in the stream bed area of Rock Val
ley. Note the outcrops of caliche hardpan on the bank of the wash
transecting this site.



Figure 2. Franseria
dumosa, a codominant
species in Rock Valley.
Notice the massive
secondary root system
and fractionated root
crown structure.

the root structural patterns and recover the roots. While recognizing that the
depth of root penetration naturally was deeper than elsewhere in the valley, we
decided that the absence of hardpan and the presence of deep, uniform sedi
ments would have permitted root development under more uniform edaphic con
ditions, thus giving better opportunity for inherent differences in root struc-



Figure 3. Hymenoclea
salsola, a common
shrub usually found'
growing on the unre
stricted stream sedi
ments in washes of
Rock Valley.

SOIL SURFACE

tural patterns to occur.

Figures 2 to 6 are photographs of some partially intact plants accompanied
by drawings representing an artisf~, concept of the gross root systems. One
of the most striking characteristics of the root structures of several species
excavated was the pronounced absence of small, au",lliary roots. Only in the
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Figure 5. Grayia
spinosa, commonly
found in Rock Valley
growing separately and
in association with
other shrub species.
Note the dense filamen
tous root system.

SOIL SURFACE

97 cm-

root systems of young plant specimens and near the tips of large feeder roots
did we observe many fine roots. Examples of these root structural systems
are shown in Figures 2, 3, and 4. Note the general characteristics of deep
tap roots and massive secondary roots which penetrate deeply and laterally.
We have made root excavations of these shrub species in hardpan areas and



SOIL SURFACE

Figure 6. Krameria
parvifolia, a filamen
tous rooted shrub com
monly growing in as
sociation with other
species as an under
story plant. It serves
as a seed catchment
site and protective host
plant for numerous
winter annuals.

find this same massive structure in mature plants but with more pronounced
lateral growth out into the loose sediments above the impervious hardpan.
These root structures spread into an area much greater than the canopy cover
and, as shown by data in Table 1, may develop greater biomass than the above
ground portion of the shrub.
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Table 1. Root and top biomass of shrubs excavated in the Rock Valley
wash area.

Shrub species Shrub dimensions Root Top Root/top
width height weight weight

cm cm g g ratio

Acamptopappus shockleyi 30 25 51 54 0.94
Ephedra nevadensis 76 53 440 305 1.44
Eurotia lanata 1 36 36 47 94 0.50

2 30 23 8 15 0.53
Franseria dumosa 1 28 20 19 16 1.19

2 28 18 16 18 0.89
3 61 36 643 168 3.83
4 69 30 405 356 1.14
5 69 30 337 265 1. 27
6 69 30 406 246 1. 65

Grayia spinosa 1 84 64 360 594 0.61
2 84 66 473 750 0.63

Krameria parvifolia 1 56 13 100 36 2.78
2 46 13 45 27 1. 67

Larrea divaricata 1 36 33 53 35 1. 51
2 86 66 364 379 0.96
3 183 152 2586 1812 1.43

Lycium andersonii 1 76 33 923 362 2.54
2 58 30 436 300 1.45

Lycium pallidum 1 36 18 64 16 4.00
2 71 48 142 138 1. 03

Examples of shrub specimens which show less tendency to develop a mas
sive tap root and secondary root system are shown in Figures 5 and 6. As in
dicated, Grayia spinosa and Krameria parvifolia generally tend to develop root
systems having many small roots and root hairs, irrespective of the presence
or absence of underlying caliche hardpan.

Another striking characteristic of these root systems is the presence of
numerous old dead roots and an abundance of mycorrhizal fungi associated with
both dead and living roots. Went and Stark (1968) have discussed the biological
and mechanical role of soil fungi in both tropical and desert soils. We have
found considerable evidence to indicate a constant renewing of the root system
of old, mature shrubs through new root production initiated at the root crowns.
1118 physiological capabilities of the roots of desert shrubs are intriguing in
view of the fact that such massive systems can be supported and renewed under
conditions in which the above ground portion of the plant is seemingly dormant
for more than half of the year and the roots are subjected to extremes in soil
moisture stress for nearly the same periods of time.

We found no uniquely different root structural system among the species
examined than seem to occur in shrubs and trees common to temperate
climate ecosystems. Specimens of these shrub species grown in artificial
conditions in the laboratory and glasshouse or outdoors in temperate or sub
tropical climatic conditions have not shown unique root characteristics.
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Summary

Root excavation studies of specimens of prominent shrub species in Rock
Valley disclosed structural systems ranging from massive tap root and second
ary root systems to filamentous structured systems. The root biomass often
exceeds the above-ground biomass. These root systems penetrate deeply into
loose sediments or grow laterally in the loose soil overlaying impervious cali
che hardpan layers. Shrubs generally grow much better in soils with unre
stricted root penetration; however, since there is usually no close water table
in this desert soil, the extent of root development is limited to the depth of the
moisture zone from penetrating rainfall. An abundance of mycorrhizal fungi
generally is associated with both living and dead roots. Roots of desert shrubs
have the unique capacity to survive long periods of dormancy and high moisture
stress which appears to be an adaptive mechanism since the same shrub spec
imens readily thrive when cultured under temperate and semi-tropical condi
tions.



SEED GERMINATION OF SOME NORTHERN MOJAVE AND

SOUTHERN GREAT BASIN PLANT SPECIES

We have been desirous of growing populations of desert plants both from
seeds and from vegetative propagation for experimental studies. This report
describes successes and failures for plant species from the Nevada Test Site.
Our purpose was not to explore optimum conditions for germination, but rather
to find conditions under which plants can be germinated for use in other studies.

Reports from the literature which indicate germination conditions under
difficult circumstances are as follows:

Amen (1963) has reviewed the question of seed dormancy and lists seasonal
changes in red and far red light, microbial activity, seasonal fluctuations in
precipitation which remove inhibitors, and extreme fluctuations in temperature
as factors which can terminate dormancy.

Quick and Quick (1961) reported abundant seedling regeneration of Ceanothus
after fire. Most Ceanothus seeds will not imbibe water in the laboratory un
less they are first subjected to some type of heat treatment.

Germination of four tree species from the Sonoran Desert were studied by
Poole (1958). Two required H2S04 treatments. Temperature ranges for opti
mum germination varied from 21 - 30°C for one species to 13 - 20°C for an
other. A temperature of 71°C improved germination in one species by break
ing dormancy.

Muhktar (1961) reported that scarification of four grasses and two woody
plant seeds from the Sonoran Desert increased germination in all cases.

Shellhorn (1955) reported that Larrea divaricata seed germinated at 3'fC.

Went and Westergaard (1949) found that L. divaricata germinated in Death
Valley following rains at 15 - 16°C but not at 8 - 10DC. Dalton (1962) found that
optimum temperature for L. divaricata germination was 35°C. West (1969) re
ported that salt inclusions had to be leached from Atriplex confertifolia seed
before they would germinate.

Mooring et al. (1971) reported that some salt-marsh plant seeds cannot
survive drying.

Brunner (Bureau of Land Management, personal communication) says that
1. divaricata seed germinate best at pH 6. Artemisia spinescens seed planted
in the glasshouse in March 1969 took about 6 months to produce seedlings.

The effect of soil moisture on germination of Salsola pestifera has been
briefly tested in comparison with some of the plant species including some ag
ricultural crops (Table 1). Seeds were planted in krilium-treated Yolo loam
soil and placed in an incubator of 29°C. Water was added to the different con
tainers to give soil moisture of 5, 6, 7, 8, 9, 10, 11%. The air dry soil con
tained about 2% soil moisture. The 20 bar level was about 4% soil moisture.
The 11% soil moisture was about 1. 0 bar. The results after 8 days indicated
that barley, corn, buckwheat, and bush beans germinated at lower soil mois
ture levels than did §.. pestifera but that §.. pestifera germinated at soil mois
ture levels lower than Franseria dumosa, Atriplex canescens, or Grayia
spinosa (these did not germinate at 11% soil moisture).
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Table 1. Effect of soil moisture levels on germination of Salsola.

% soil moisture

5
6
7
8

9
10
11

Germination characteristics

No germination
Light germination barley, corn, buckwheat, bush beans
Light germination barley, corn, buckwheat, bush beans
Germination of .§.. pestifera, barley, buckwheat, bush

beans, sunflower, corn
Same as at 8%
Same as at 8%
Same as at 8%

Hilaria rigida
Muhlenbergia porteri
Artemisia tridentata
Baileya multiradiata
Chrysothamnus nauseosus
Dyssodia cooperi
Stephanomeria pauciflora
Thamnosma montana
Nicotiana trigonophylla
Sporobolus flexuosus
Oenothera megalantha

E. dumosa, ~. canescens, and Q. spinosa did not germinate in any of the
treatments but they do with higher per cent soil moisture.

The following species seem to present no special germination problems if
viable seed can be obtained:

Larrea divaricata
Grayia spinosa
Franseria dumosa
Lycium andersorrti
Lycium pallidum
Atriplex polycarpa
Yucca brevifolia
Yucca schidigera
Salsola pestifera
Bromus rubens
Sarcobat~miculatus
Allenrolfea occidentalis

Species with difficulty in germination (low percentage or variability in lots)
are as follows:

Krameria parvifolia-two seeds germinated out of four collections.

Oryzopsis hymenoides-seed will not germinate unless treated for 20 min
utes with 70% sulfuric acid.

Juniperus osteosperma-no seed germinated out of several collections.
They seem to have no embryos, hence were not viable.

Coleogyne ramosissima, Cercocarpus ledifolius, Cowania mexicana, and
Purshia tridentata were germinated from seed. All four respond to a period
of moist storage at 5° C. They will in fact germinate at this temperature.

Ephedra nevadensis-1 lot purchased, about 5% germination.

Ephedra viridis- No viable seed obtained.

Sporobolus airoides-1 collection, good germination.

Atriplex canescens-1 collection, no germination.
5 collections, good germination.
4 collections, fair germination.
2 collections, poor germination.

Atriplex hymenelytra-1 collection, no germination.
1 lot purchased, about 10% germination.
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Atriplex confertifolia-5 collections, very poor germination.
7 collections, no germination.

Atriplex lentiformis-l collection, good germination.

Atriplex linearis-l collection, poor germination.

Atriplex griffithsii-l collection, good germination.

Eurotia lanata-l collection, good germination.
--- 1 collection, fair germination.

2 collections, no germination.

Grayia spinosa-l collection, no germination.
1 collection, very poor germination.

Artemisia tridentata-3 collections, good germination.

Baileya multiradiata-l collection, fair germination.
1 collection, poor germination.

Chrysothamnus nauseosus-l collection, good germination.

Encelia virginensis-l collection, fair germination.

Franseria dumosa-3 collections, fair germination.
--- 3 collections, no germination.

2 collections, poor germination.
3 collections, (glasshouse) poor germination.

Machaeranthera tortifolia-l collection, fair germination.

Stephanomeria exigua-2 collections, fair germination.

Tetradymia species-2 collections, no germination.

Astragalus species-l collection, good germination.

Oenothera megalantha-l collection, fair germination.
1 collection, (glasshouse) poor germination.

Cercocarpus ledifolius-l collection, fair germination.

Purshia tridentata-l collection, fair germination.

Lycium pallidum-2 collections, very poor germination.

Nicotiana trygonophylla-l collection, good germination.

Larrea divaricata-2 collections, poor germination.
--- 1 collection, good germination.

Thamnosma montana-l collection, fair germination. Seed not readily
available.

Most of the collections were obtained from Dr. Janice Beatley. She had
tested them and found germination to run from 0% up to about 60%. We did not
use any of the lots she found low in germination.

Summary

Seeds of approximately 50 plant species from the Nevada Test Site have
been successfully germinated. Populations of most have been prepared for ex
perimental study. In general very little precaution is necessary. Greatest
problems are variability in seed collections and low percentages of germina
tion. In some years viability is low and in some of these cases it is related to
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insect injury of seed. Special seed treatment is necessary in the cases of
Oryzopsis hymenoides (sulfuric acid scarification) and Coleogyne ramosissima,
Cowania mexicana, Purshia tridentata, and Cercocarpus ledifolius (chilling
needed).

We found evidence of seed dormancy for four or five species but some
species failed to germinate and as yet we do not know the reasons or whether
or not there is need for leaching of inhibitors from seeds before germination
would occur. Our methods of irrigation, however, may automatically do this.
Our studies have not been designed to test conditions for germination, but
merely to successfully germinate seed for other studies.



PHENOLOGY OF SOME NORTHERN MOJAVE DESERT PLANTS

AT LOWER ELEVATIONS OF THE NEVADA TEST SITE

It is generally believed that plant responses are seldom identical for two
consecutive years at the Nevada Test Site. Beatley (1969) has accumulated
large amounts of data which support this hypothesis. Important environmental
factors which regulate growth and development of desert vegetation include the
distribution of rainfall and the soil and air temperatures preceding and during
a seasonal growth period. Wind and solar radiation appear to be less influen
tial than rainfall and temperature on plant growth in the northern Mojave Des
ert.

In conjunction with our radiological effects assessment program, a num
ber of study sites were established to monitor environmental factors and doc
ument seasonal changes in native vegetation. See page 1 for a map of site
locations. Reported herein are data primarily representing the lower elevation
areas of Rock Valley, Mercury Valley, and Frenchman Flat.

Materials and Methods

Phenological and environmental measurements were made at two-week in
tervals during the dormancy period and at weekly intervals during periods of
active growth. Additional assessments were made following adventitious rain
fall during late summer months. The information recorded on some 27 differ
ent shrub species included the status of leaf bud, leaf growth, flower bud,
flowering, frUiting, leaf fall, and dormancy.

Environmental data were recorded for the maximum and minimum temper
atures (30 cm above ground) and the amount of precipitation since the previous
recording period. Soil temperature measurements were taken at depths of 15,
30, and 45 cm using emplaced Fenwal KA31L4 thermistors. Soil temperatures
also were taken at 7.5, 23, and 38 cm depths at the Mercury Valley study
site. Soil moisture was measured gravimetrically on samples taken at monthly
intervals from 7 to 15 cm and 30 to 38 cm depths. Thermocouple psychrome
ters were emplaced in 1970 for continued soil moisture measurements.

Results and Discussion

Results for 1968 to 1970 for each site are graphically illustrated in the
accompanying diagrams so as to give a visual comparison of phenology with
rainfall, air temperature, soil temperature, and soil moisture. Space was
insufficient to include all recorded data; the emphasis here is on those species
common to Rock Valley, Mercury Valley, and Frenchman Flat. Elevations of
these sites are 1030, 1100, and 975 m (MSL), respectively.

Plant responses documented during the three years were extremely inter
esting. One can note, for example, the early responses of such species as
Acamptopappus shockleyi and Sphaeralcea ambigua to the warmer than usual
spring months of 1968 in Frenchman Flat. In contrast the cold spring of 1969,
accompanied by abnormally high rainfall, shifted the active growth period one
to two months later in the year. The 1969 growth season was unique in favor
able plant response to abnormally high spring rainfall; new photosynthetic pro
ductivity varied from four to as much as ten times the normal productivity for
most shrub species. Another striking response was the breaking of summer
dormancy by several species following the late summer rains in Rock Valley
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and Mercury Valley in 1968 and in Frenchman Flat in 1970. The data also
reveal some interesting differences in growth patterns among species such as,
for example, the unique phenological characteristics of Krameria parvifolia.

Rainfall data illustrate the inherent variability of precipitation in the des
ert. In the northern Mojave Desert portion of the Nevada Test Site, most rain
fall of a wide-spread nature usually occurs during the late fall and winter
months. Adventitious rainfall occasionally occurs during summer months, but
these rains generally are not widespread.

Air and soil temperature data generally show positive correlation, with a
characteristic lag in response to changes in ambient conditions at lower depths
in the soil. It is of ecological significance that these desert soils warm rapidly
to depths of at least 45 cm because the bulk of the plant root biomass lies within
this depth of soil. We believe that some shrub species probably respond more
positively to the seasonal warming of soil temperature than of air temperature.
This would be necessary in order to maintain the integrity of those plant species
with cold-sensitive foliage which otherwise would suffer from the widely oscil
lating ambient temperatures common to the early spring months in the north
ern Mojave Desert.

Soil moisture data show notable differences from year to year and within
the seasons of a given year, depending upon the amount and frequency of pre
cipitation. It is common to these areas that storms with heavy rainfall result
in very little percolation of moisture to lower depths in soil. We believe that
the depletion of soil moisture plays an important role in triggering leaf fall
and summer dormancy of some plant species.

Summary

Phenological and environmental measurements were recorded for several
different shrub species and for rainfall, air and soil temperatures, and soil
moisture. Results are graphically illustrated to show the correlation of plant
responses with changes in environmental conditions from 1968 through 1970 in
Rock Valley, Mercury Valley, and Frenchman Flat.



LEAF FORMS IN DESERT VEGETATION

Branching and segmenting of leaves have been reported to be xeric
adaptive mechanisms which help dissipate heat to convective currents in order
that plants may survive under climatic conditions which otherwise might be in
jurious (Lewis, 1969; Taylor and Gates, 1969; Turrell, 1969). The broad
leaves of the banana plant, for example, are split into many segments by wind
action which contributes to heat dissipation under semi-tropical and tropical
conditions (Taylor and Gates, 1969).

Broad-leaved plants in general are poorly equipped to survive under des
ert conditions. Most leaf forms in desert vegetation are structured to help
dissipate heat and also to conserve moisture. This applies especially to
shrubs and trees. There are, however, some exceptions which are commonly
found in the ephemeral annual species, many of which complete their life cycle
only during periods having favorable soil moisture and favorable air tempera
ture.

Phenotypes among certain desert plant species can be distinguished by the
size and shape of leaves. Such is the case for two phenotypes of Larrea divar
icata as shown by measurements of 25 leaves taken at random from plants of
the large and small leaf types. The differences in these measurements were
significant at the O. 001 level.

Dimensions (mm) Large type Small type

Leaf width 10.80 7.16
Lobe length 10.00 6.76
Lobe width 4.44 2.60
Ratio, lobe length:width 2.28 2.70

Photographs of some leaves and shoot structures are shown in Figure 1 (p.
304-305) for several plant species common to the Nevada Test Site to illustrate
characteristics which result in survival under the rigorous conditions of the
northern Mojave Desert. Among the dominant shrub species indigenous to this
desert are those which have long, slender leaf forms and pronounced woody
stem structures. The stems contribute most of the standing crop biomass.
The amount of foliage produced and subsequent size of the leaves is dependent
upon the available soil moisture received during the fall and winter months pre
ceding spring growth. The succulent leaf forms which are produced during
moist years retain essentially the same leaf shape but may be several times
larger in dimension than leaves produced during dry years. Figure 2 illus
trates this point. The species represented here is Lycium andersonii which
was grown in the glasshouse under different moisture conditions. Herbaceous
species tend to have broader leaf forms than do the shrub species.

Figure 1, legends (A) Salsola paulsenii, (B) Salsola pestifera,
(C) Staminate Ephedranevadensis, (D) Ovulate Ephedranevadensis,
(E) Franseria dumosa, (F) Eurotia lanata, (G) Encelia virginensis,
(H) Grayia spinosa, (I) Acamptopappus shockleyi, (J) Krameria
parvifolia, (K) Stephanomeria pauciflora,!(L) Hymenoclea salsola,
(M) Lepidium fremontii, (N) Menodora spinescens, (0) Salazaria
mexicana, (Q) Atriplex confertifolia, (S) Atriplex canescens, (T)
Atriplex hymenelytra, (V) Psilostrophe cooperi , (V) Sphaeralcea
ambigua, (X) Machaeranthera tortifolia. (p. 304 - 305)
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Figure 2. Variations in leaf forms of Lycium andersonii grown
under different soil moisture conditions in the glasshouse.

Conclusions

Survival of perennial plants in the Mojave Desert is partly determined by
two very basic phenomena. First, the foliage is structured to conserve mois
ture and dissipate heat. Within these limits plants will respond to moisture or
drought by greater or lesser seasonal productivity depending upon the available
soil moisture. Second, the perennial species either drop their leaves or the
leaves withstand extreme dehydration without harm when seasonal soil moisture
becomes exhausted. These plants have the unique capacity to remain inactive
under severe moisture stress for several months 1 duration and continue to sur
vive drought years wherein very little primary productivity occurs.



APPROXIMATE AGE OF SHRUB CLUMPS

AT THE NEVADA TEST SITE

Introduction, Methods, Discussion

The usual community situation with shrubs in the northern Mojave Desert
is for 2 or more and as many as 7 to 20 individual shrubs to be associated to
gether in a clump or microcommunity (Bradley and Deacon, 1965; Allred and
Beck, 1963; Hanson and Churchill, 1961; Wood, unpublished). This type of
community structuring is important to many annual plants which also grow in
association with the clumps because of favorable soil texture, shading, water
relations, soil organic matter, mineral nutrients and/or other factors (Muller,
1953). The structure is also important to animals both above ground and below
ground.

The genesis of a shrub clump has not been greatly studied although a re
cent unpublished study sponsored by Dr. Janice Beatley has attempted evalua
tion of a hypothesis on the matter. How does a clump get started, what are the
pioneering species in it if any, how old do individual species and clumps get,
are clumps perpetuated upon death of individuals and renewed within the exist
ing clump? If the latter is the case, have the shrub clumps existed indefinite
ly?

By methods of counting annual rings, ages of individuals in some clumps
which appear to be 100 years old or more were determined.

Since soil organic matter is much higher under a shrub clump than between
shrub clumps (in desert pavement for example) it may be possible to estimate
how long a given spot has been the location of a shrub clump if the rates of ac
cumulation and degradation of the soil organic matter are known. Such data
can be obtained with careful 14C studies and plans are being made to obtain
that information. In the meantime some estimates as follows may be used to
gain a first approximation.

Annual primary production
Annual amount remaining after animal respiration
Annual amount remaining after microbial respiration
Soil organic matter under clump
Soil organic matter in open area
Difference between two areas
Years to achieve at 75 kg/ha/yr

kg dry wt/ha
1,000

750
75

33,000
11,000
22,000

293

This estimate indicates that some of the shrub communities might have
been in place for as many as 300 years. Since the oldest plants in some of
them may not exceed much over 100 years, one must assume that a turnover
in individuals within a clump exists. Actually in 1969 many of the clumps in
Mercury Valley had new seedlings of Eurotia lanata, Acamptopappus shockleyi,
Franseria dumosa, Larrea divaricata and other species added to them. That
year was a good year for seed germination. New seedlings of these species
also appeared in open areas between existing clumps. Whether or not these
are pioneers for new communities or whether they will even survive is not
yet known.

In the spring of 1969 soil pits were dug in many shrub clumps. Of partic
ular interest was the observation that shrub clumps, possibly in existence for
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Figure 1. Soil pit in Mercury Val
ley showing how caliche layer is
partially dissolved underneath a 1.
divaricata shrub clump.

over 100 years, have a profound effect on underlying caliche layers (see Fig
ure 1 with closeup in Figure 2). The effect, however, was not consistent. The
action of organic matter derived from roots (and shoots) had partially dissolved
the caliche layer underneath the clump in Figures 1 and 2. This not only could
serve to make more soil available to the clump'but also as a sump for water to
flow into the area below the plants with the surrounding caliche serving as a
catchment to divert the water into the sump. This would favor the continuation
of the clump and hinder the development of new clumps in surrounding areas.
The variability from clump to clump on the nature of the caliche layer may re
flect the differences in age of the shrub clump sites.

Animals undoubtedly have a great effect in maintenance of the shrub clump
sites. Intense burrowing activity usually occurs within the clumps and this

Figure 2. Close up of dissolved
caliche layer in Figure 1.
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tends to mix soil, promote aeration, and promote mixing of organic matter in
lower layers of the soil. For example, in one soil excavation site in French
man Flat there was an undecayed accumulation of leaf and stem material at a
depth of about 1 meter due to animal activity.

In an area in Frenchman Flat where old clumps had died (drought or go
phers?), new Atriplex canescens plants have grown in the old clumps of dead
plants but not in the areas between the old clumps. Growth rings indicate that
the new shrubs were 17 years old in 1969. The clump evidently then can con
tinue even if there is a break in direct continuity of the existence of living
plants in the clump area.

Summary

An estimate based on soil organic matter differences in shrub clumps in
Mercury Valley and adjacent areas of the Nevada Test Site indicate that shrub
clumps composed of two or more individuals may be in place for as many as
300 years even though oldest individuals in them at present may be around 100
years old. The genesis of shrub clumps is not known nor is it known how new
ones develop. Shrub roots have a tremendously profound effect on caliche lay
ers in the soil in that the long-time presence of soil organic matter tends to
dissolve or soften the layers.



EFFECT OF DECOMPOSING ARTEMISIA LEAVES ON SUBSEQUENT

GROWTH OF SALSOLA KALI

Introduction

Salsola kali commonly invades land which has been disturbed and on which
other plant species have been killed. Both the soil disturbance and the changed
water conditions in the soil appear to be important (Rhoads et al., 1967; Wal
lace et al., 1968). In one particular nuclear event there appeared to be a 2
year lag between killing of the old plants which in this case were Artemisia
tridentata and the invasion of S. kali. One possible reason for the lag was a
delay in the availability of seed due to the space remoteness of the event and
another is that A. tridentata plant material while decomposing has an inhibitory
effect on S. kale This latter hypothesis was tested. Allelopathy is a subject
of considerable former and recent investigation (Bonner, 1950; Muller, 1969;
Beetle, 1960; Buchanan, 1968; McNaughton, 1968; McPherson and Muller,
1969; Muller, 1967; Naqui, 1969; Schlatterer and Tisdale, 1970; Wilson and
Rice, 1968).

Materials, Methods, Results and Discussion

~. tridentata leaves were dried and ground with a Wiley mill, and then
mixed with Yolo loam soil at a rate of 25 g per 500 g soil.

§.. kali were germinated in Yolo loam soil; 24-day old seedlings were trans
planted into treated and control pots in triplicate. Nitrogen as 5~ Ca(N0S)2
was added to each pot at the rate of 2.5 ml at 2-week intervals.

The plants in the soil with the organic matter were all wilted in 4 hours
while the control plants were not.

A second set of §.. kali plants was transplanted 11 days after the experi
ment started into the soil which had received the organic matter. The new S.
kali plants were the same age as the original six. After 27 days one of the-o
riginal §.. kali plants in 5% ~. tridentata had died. The control plants were
about ten times larger than the plants in soil with the organic matter.

Pictures in Figure 1 were taken 4 hours after the experiment began and
then 27 days later. A. tridentata leaves definitely had an adverse effect on
both growth and survival of the .§.:. kali. This indicates, but does not definitely
establish, that A. tridentata can have an allelopathic effect on S. kali. This
perhaps is the more logical explanation for the behavior of S. kali in the A.
tridentata community mentioned in the introduction. - -- -

A. tridentata quite likely has an allelopathic effect on other plants and
perhaps even on itself. A. tridentata occurs singly and new seedlings are
never near the old plants; they are in open spaces between the old plants.

See page 152 for explanation of more recent nomenclature of the Salsola
species.



DECOMPOSING ARTEMISIA LEAVES

Figure 1. (top) Representative seedlings 4 hours after transplant
ing to soil with and without A. tridentata organic matter (plant on
right received the organic matter). (bottom) Plants 27 days after
the treatments.
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LEAF TEMPERATURES OF DESERT PERENNIALS

IN SUMMER MONTHS

Gates et al. (1968) have reported that of seven desert species studied all
except Opuntia species had leaf or blade temperatures near the ambient temper
ature (within 2 or 3°C). The temperature of the Opuntia was 10 to 16°C higher
than the ambient. Drake and Salisbury (1970) have also recently studied leaf
temperatures. Wallace et al. (1967) reported that tobacco leaves could be 10°C
above ambient when grown to be phosphorus deficient which caused stomata to
fail to open. It can be expected that cooling effects are related to transpira
tion and to the ability of plants to obtain water that can be transpired. The rela
tionship of transpiration to leaf temperature has been reviewed by Gates (1968).

Materials and Methods

A portable infrared sensor (Barnes Engineering Co. ) of the type described
by Gates et al. (1968) was used to measure leaf and blade temperatures of
plants at the Nevada Test Site in July and September 1969 and in July 1970.
Relative humidity measurements were made with a portable thermistor psy
chrometer (Atkins Technical, Incorporated).

Experimental Results

Blade surfaces of Opuntia basilaris and Yucca schidigera were often 13°C
above ambient with 35°C ambient, no wind, 22% relative humidity (Table 1).
The temperatures inside the blades were lower (up to 5°C) than those at the
surface. The suggestion of Gates et al. (1968) that plants such as Opuntia may
need specially adapted proteins to function at high temperatures may not be as
important as suggested by them since temperatures inside blades were lower than
at surfaces.

Table 1. Temperatures of surface and inside O. basilaris and ,X.
schidigera blades. * -

Plant and part

Ambient
O. basilaris surface
O. basilaris inner
y. schidigera surface
,X. schidigera beneath surface
,X. schidigera inner

35
48
43
48
46
44

*Readings were taken immediately upon cutting to avoid cooling due to
evaporation of the cut surface.

Leaves of the other species examined were very near the ambient temper
ature (Table 2). Irrigation seemed to result in slightly lower leaf temperatures.
In the afternoon when stomata usually are closed wind speed seemed to be a
dominant factor on blade temperature of Opuntia species and Yucca species.
Blade temperatures were very little above ambient under the convection cur
rents and obviously were related to the effect of the wind.

For readings taken at 7:00 p. m. with no wind and ambient temperature of
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Table 2. Leaf temperatures of several plant species as difference from
the ambient temperatures.

Species or description A.M. P.M. P.M.
(no wind) (windy) (windy)

(irrigated)

°c °c °c

Larrea divaricata
Salsola iberica
Atiij?l6xCOiifui:otifolia
Franseria dumosa
Krameria parvifuiia
Eurotia lanata
Yucca sc"iii:'digera
Ephedra nevadensis
Bare soil in sun
Bare soil in shade
Opuntia species in sun
Opuntia species in shade
Juniperus osteosperma
Artemisia tridentata
Yucca brevifolia
:r::yciUm andersonii

32

+ 1
- 1

o
+ 1
+ 1
- 2
+13

o
+14 to 18

o
+ 7

o
+ 2
- 3
- 2
- 4

Ambient temperature

44

Difference from ambient

+ 2

+ 3
+ 2
+ 3

+16
+ 4
+ 3

44

+1
+4

-1
+1
+2
+1

+8
+1
+3

34°C and near Cane Springs where there is a constant source of water at or
near the soil surface, all species had leaf temperatures from 4 to 9°C below
ambient (Table 3).

Table 3. Leaf temperatures of plants at 7:00 p. m. in July (17th) near
Cane Springs (34°C and 37% relative humidity).

Plant

~ species
Euphorbia species
Oenothera megalantha
Atriplex canescens
Coleogyne ramosissima
Salix gooddingii

Leaf temperature

6° C from ambient

- 8
- 8
- 4
- 6
- 4
- 6

In Table 4 are data taken at 4:00 p. m. on July 21, 1970 for plants growing
in an area which was irrigated continuously with enough water (see page 349)
to maintain the soil in a saturated condition down to the caliche layer compared
with an area not irrigated. This latter area was extremely dry at time of
sampling with a soil moisture level of about 2%. Results indicated that irriga-
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tion resulted in a decrease of leaf temperatures of as much as 'fc for some
species at 4:00 p. m. Greater differences seemed to obtain for species most
physiologically active. Krameria parvifolia which is active during hot dry
periods (see page 164) seemed to function at leaf temperatures somewhat higher
than those of most other species during mid-day ambient conditions.

Table 4. Effect of irrigation on leaf temperature measurement of some
plants near Mercury, Nevada. ~4:00 p. m., July 21, 1970,
sunshine, air temperature at 38 C, 37% relative humidity,
air movement about 10 km per hour.) Means of 3 readings.

Species Nonirrigated Irrigated

°c °c

Franseria dumosa 43 36
Atriplex confertifolia 45 39
Larrea divaricata 42 37
Krameria parvifolia 47 40
Yucca schidigera 41 40
Salsola iberica 42 40
Ephedra funerea 41 39
Sphaeralcea ambigua 32
Opuntia species 45 43
Stipa speciosa 40
Erodium cicutarium 32
Eurotia lanata 44 40
Bare soil 51 41

Summary

Temperatures of leaves or blades of Opuntia basilaris and Yucca schidigera
in the a. m. and without wind blowing tended to be 7 to 13°C above ambient. The
temperature inside the blades was about 5°C cooler than that at the surface when
the surface was higher than ambient. In the p. m. and escrecially when the wind
was blowing, leaf temperatures of all species were 1 to 2 C above ambient. In
the a. m. they tended to be 1 to 2°C or more below ambient for species other
than Yucca and Opuntia. Irrigation tended to decrease leaf temperature by
several degrees for some species.



SOME EFFECTS OF AN ARTIFICIAL STREAM

ON DESERT VEGETATION

Water is the most limiting factor affecting primary productivity in a des
ert ecosystem (Rosenzweig, 1968; Went, 1968). The possibility exists that an
excess of water may be injurious to at least some desert plants; however, the
obligatory nature of dry soil for plant species common to places like the Nevada
Test Site is not known. The purpose of this study was to assess some of the
effects of a stream of water flowing intermittently through a desert system.

The site selected for this study was down slope from the sewage process
ing system for Mercury, Nevada. Waste water periodically had run through
some of the dry washes for six to eight years before the present sewage pro
cessing system was established (Figure 1), and the Larrea divaricata and
Franseria dumosa shrubs had responded with vigorous growth (Figure 2). Sev
eral shrub species grew no larger than they did in outlying areas but they were
more plentiful in or near the drYI stream beds where processed sewage water
flowed intermittently. Common dry wash species, such as Hymenoclea sal-
sola, grew vigorously as did several of the grass species, including the intro
duced Bromus rubens, in the same washes.

Two artificial streams were established specifically for additional obser
vations for this study. One was established in one of the dry washes down
stream from a newly constructed terminal holding pond of the sewage disposal
system. A siphon source was installed so that about 250 liters per minute of
water was discharged, forming a stream that was permitted to flow for seven
days of each month. The water flowed downstream for a distance of about 2
kilometers each time. The quality of the water is given in Table 1.

Table 1. Chemical analysis of reclaimed sewage water.

Element

Calcium
Magnesium
Potassium
Sodium
Nitrogen
Cl-
S04=
Organic matter

Sodium adsorption ratio

1967

f-,tg/ml

18.4
3.1

16.0
263.0

5.0
132.3

8.3
72.0

21. 2

1969

f-,tg/ml

12.5
2.8

16.5
266.3

5.0
108.4

7.4
80.0

23.6

Plots, 30 m x 30 m, were established along the wash so that the stream
passed through the center of each plot. Reference photographs were taken at
selected points when the stream started flowing, and later at yearly intervals,
in order to record the gross changes which occurred in vegetation growing near
the stream. Examples of these gross effects are shown in Figures 3 through 9.

The most pronounced effect in the stream plots during the first year after
the treatment started was the rapid production of grasses and annual species.
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Figure 1. Aerial photo of part of the sewage processing system for
Mercury, Nevada. Excess reclaimed water is periodically dis
charged into dry washes below the terminal holding ponds (not shown
in photo).

Figure 2. A dry wash through which reclaimed sewage water had
flowed periodically during an 8-year period.



Figure 3. Downstream view of an artificial stream which began
flowing for one week of each month in early spring of 1967.

Figure 4. Photo of same site as in Figure 3 taken in late 1969, 30
months after the artificial stream was established. New plants in
foreground are largely Salsola species.



Figure 5. Across-stream view taken in early spring of 1967 after
water started flowing.

Figure 6. Same view as in Figure 5 taken 30 months after the arti
ficial stream was established.



Figure 7. Upstream view taken in the early spring of 1967. Note
the sparseness of grasses.

Figure 8. Same view as Figure 7 taken 6 months after the artifi
cial stream flow began. Note the dense ground cover of grasses,
predominantly Bromus rubens, an introduced species to this eco-
system. ---
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Table 2 contains data on the unit area biomass of annual vegetation harvested
along a transect of the stream bed about six months after the artificial stream
flow began. The most common grass was an introduced species, !2.. rubens
(Beatley, 1966). The predominant annual species were Descurainia pinnata
and Eurodium cicutarium. These grasses and annuals again were ubiquitous
during the spring months of the second year of treatment; however, the pattern
of ground cover markedly changed during the summer months of 1969 with an
invasion of the stream area by the Salsola species. At the time of this writing
(winter of 1970) the artificial stream area had become heavily clogged with
dried brush consisting mainly of the remains of the grasses and annual plant
species. Most of the perennial plant species growing in or near the stream
bed were in a sense completely obscured by the annual ground cover, and
only the presence of the larger sized shrubs could be easily detected when
walking through the stream area. There was no indication in three years that
perennial plants were adversely affected by the new, heavy ground cover of
annual vegetation. The study must be continued for several years to demon
strate detrimental effects from annual ground cover competition.

Table 2. Biomass of annual plant species taken at 3 m intervals along
a transect line across a wash through which an artificial
stream flowed one week of each month.

Sample Relative species percentages Dry
interval

:]i. rubens E. cicutarium ~. pinnata Other biomass

No. % % % % g/m2

1 75 10 10 5 22.6
2 60 20 20 0 85.2
3 50 0 50 0 24.8
4 50 5 40 5 170.2
5 wet 100 0 0 0 1509.3

stream
6 bed 100 0 0 0 1934.8
7 I 10 5 80 5 673.7
8 50 25 20 5 38.8
9 5 90 5 0 28.0
10 75 20 5 0 21. 6

Most of the perennial plants have responded favorably with vigorous
growth to the artificial stream. This was especially noticeable during the low
rainfall year of 1970 when vigorous, plant growth occurred in the stream area
compared to sparse productivity in surrounding areas. [. dumosa remained
green near the stream bed throughout the year in contrast to its usual behavior
of being dormant for more than half of the year. This resulted in some foliage
of [. dumosa being frozen in the stream area during cold periods of each suc
cessive winter because it was in new flush growth when freezing occurred. Sup
pressive effects of the stream on plant growth were noticed during the spring
months after a prolonged period of below freezing temperatures in January of
1968. We noticed the death of several small L. divaricata seedlings growing in
and near the flowing stream bed within a few months after stream-flow was
started. This observation, along with similar effects which have occurred in
glasshouse culture of this shrub, indicates that excessive moisture and/or poor



Figure 9. Same view as Figures 7 and 8 taken 40 months after
stream flow began. Note how the ground cover was taken over by
Salsola species and grasses.

aeration in the root zone may cause adverse effects on young ,k. divaricata
shrubs. In some cases ,k. divaricata, E. dumosa, Eriogonum inflatum, and
Sphaeralcea ambigua have produced yellow foliage indicative of a high bicar
bonate induced iron chlorosis.

The Ephedra species have shown no particular response to the artificial
stream during the period of treatment observation. The same can be said of
Yucca schidigera. These and other slow-growing perennial species may re
quire more time in which to demonstrate their response to the artificial stream.

Krameria parvifolia continued to flower until October in the stream area.
This species usually completes its flowering period by the end of July in the
study area which is not influenced by the artificial stream.

A modification of the artificial stream treatment was made in March 1970
which resulted in some striking, gross results. Water was siphoned at about
6 liters per minute into a small ditch system that wound back and forth along
the contour lines of a flatland area below the pond. The distance between the
ditches varied from 1 to 3 meters. Figures 10 and 11 illustrate the gross dif
ferences which occurred in the ground cover of the area after about six months
of irrigation during alternate weeks. The grasses and annual plant species
common to this area showed tremendous growth response, flowering, and seed
production. Among those perennial species which immediately responded were
E. dumosa, ,k, divaricata, §. ambigua, Lycium andersonii, Ephedra nevaden
sis, Atriplex confertifolia, Eurotia lanata, Grayia spinosa and K. parvifolia.
The Salsola species did not invade this area the first year but they are expected



Figure 10. Area of desert flatland before irrigation was started.

Figure 11. Desert flatland about 6 months after irrigation with a
contour ditch system. Note the very heavy ground cover of annual
plant species and grasses. The small stream flows from near top
right of photograph and winds back and forth across the area.
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to do so in successive years. Most of the deciduous plant species remained
in leaf flush from three to five months beyond their normal time of defoliation
under natural conditions.

Samples of plant foliage were taken from the wet areas near the stream
and from outlying dry areas for three successive years. These samples were
analyzed for mineral content and the results are summarized in Table 3. The
most pronounced effect of the artificial stream was an increase in sodium and
zinc contents of plants growing in the wet areas. This may reflect to some
extent the relatively high sodium content of the stream water (Table 1). The
wet soil also tended to decrease iron content of leaves.

Summary

Water is the most limiting factor of primary productivity in the desert
ecosystem. Species of annual plants, native and introduced grasses, and rap
idly growing perennial herbs and shrubs responded favorably to supplementary
moisture from an artificial stream source. This response was in the form of
markedly increased growth, higher density of individual plants, introduction of
new species, especially grasses, and prolonged new leaf flush. Freezing of
foliage occurred for some species which remained in new leaf flush during the
winter months. Plant species which normally are slow growing showed little
or no response during the three-year period of this study. More time may be
necessary for them to respond. The sodium content was higher in plants grow
ing near the flowing stream which may be a reflection of the relatively high
sodium content of the water used in this study. Zinc content of leaves was
increased and iron was decreased for leaves of plants growing near the stream.



EFFECT OF SOIL TEMPERATURE ON WATER RELATIONS

OF SOME DESERT PLANTS GROWN IN A GLASSHOUSE

Desert plants have various mechanisms for coping with low water supplies.
Some "avoid" water stress by becoming leafless and dormant as drought and
heat of summer approaches. Others "avoid" water stress by very deep root
ing to water tables. These plants are phreatophytic. Other plants are able to
grow in high salt concentrations by using the salt as a means of creating high
water potentials in leaves which facilitate water absorption along a gradient.
Other plants are truely xerophytic and have developed mechanisms and struc
tures for survival under high water stress. Most of these mechanisms are not
well understood. The purpose of this report was not to explore mechanisms
of water absorption or conservation by plants but to obtain preliminary infor
mation on water URe by some species when grown in soil maintained at differ
ent root temperatures in an attempt to determine something of this component
of the environment on behavior of these species. Only the physiological proc
ess of transpiration was considered.

Materials and Methods

Three tanks were set to different temperatures, first by means of refrig
eration to cool below desired temperatures and then with heating- coils with
Fenwall regulators to heat to desired levels. Temperatures used in this study
were 10, 18 or 21, and 35° C. Plastic pots with no drain holes were weighed and filled
with sufficient Yolo loam soil to give 2000 g moisture-free soil per container.
Test plants were seeded and allowed to become established before experiments
were begun. Vermiculite (100 g/pot) was added to the top of the soil of each
pot to decrease transpiration. Before an experiment started both fresh and dry
weights of similarly grown plants were obtained. Pots with soils and plants
which had been transplanted to them were weighed daily and soil moisture re
turned to desired levels by inserting water into the soil by syringe and needle.
In some tests no water was added and the test was concluded when the plants
at the highest soil temperature appeared to be near permanent wilting.

Plant species used in the study included .:itriplex lentiformis (Torr.) Wats. ,
Salsola pestifera A. Nels., Sporobolus airoides (Torr.) Torr., and Artemisia
tridentata Nutt. These species represent a partial halophyte, 2 xerophytes,
and a phreatophyte.

Water use per unit of new growth and per g dry weight were calculated from
the data.

Experimental Results

A comparison of water use per gram of new growth for §.. pestifera is
shown in Table 1. The 12% soil moisture level was chosen as a moderately
low level for this soil (0.7 bars). Water transpired per g new growth was in
creased with increasing soil temperature when the soil moisture was main
tained but when it was not maintained it increased much less. This means an
increased efficiency was experienced as water stress increased. Greater
resistance to water loss seemed to occur with increasing soil temperature
under these conditions.

Water use by §.. airoides was changed little by increasing soil temperature
when soil moisture was maintained but there was a trend toward greater effi-
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Table 1. Change in dry weight and water use by~. oestifera at different
soil temperatures in a 10-day period (summer).

Water
regime- Increase Water transpired Evapotranspiration
% soil Soil in dry per g per g per g per g

moisture temp weight* dry wt new growth dry wt new growth

Start End °c g ml ml ml ml

12 12 10 .334 63 117 21 40
12 12 21 .249 127 271 159 348
12 12 35 .284 178 363 329 662

10 10 10 .160 68 188 9 25
10 10 21 .317 96 183 126 243
10 10 35 .210 218 519 388 924

12 11 10 .227 70 159 19 44
12 8 21 .224 100 228 137 313
12 5 35 .100 65 250 282 1100

F value 3.0* 75.6** 10.6** 104.4** 13.7**
L.S.D•. 05 0.110 18 126 42 210
L.S.D.. 01 25 173 57 288

*Initial dry weight of plants was 0.293 g.

ciency for increasing soil temperature (Table 2). The reason for this was prob
ably related to increasing dry matter production for the two highest soil tem
peratures relative to the lowest. When soil moisture was not maintained, dry
matter production was decreased for the two highest soil temperatures and
water use efficiency was higher at 18° C but not at 35° C. It would appear that
the high soil temperature with limiting soil moisture increased the resistance
to water flow in the plants,resulting in increased efficiency.

Table 2. Water use by S. airoides at 3 soil temperatures with and with
out maintenance at a starting level of 12% soil moisture (15
day study).

Soil g dry g new Transpiration Transpiration
temp. weight growth ml/g dry ml/g new

°c weight growth

12% soil moisture maintained

10 0.88 .38 118 138
18 2.17 1. 67 61 128
35 1. 41 .91 65 100

12% soil moisture allowed to become depleted

10 .91 .41 114 255
18 .76 .26 186 538
35 .70 .20 86 302
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In contrast to §.. pestifera, however, water transpirational efficiency was
lower with limiting water than with water maintained.

Maintenance of 15% soil moisture with A. lentiformis itself reduced growth
relative to drier soil (Table 3). Transpirational water use efficiency was de
creased by increasing soil temperature when the soil moisture was maintained.
When soil moisture was not maintained, transpirational efficiency was increased
between 10 and 18°C. At the highest soil temperature without water mainte
nance, growth was greatly decreased and the transpirational efficiency decreas
ed. In these data also there is indication that low soil moisture at high soil
temperatures results in greater efficiency in transpiration even though dry
matter production may be decreased.

Table 3. Water use by A. lentiformis at 3 soil temperatures with and
without maint;nance at a starting level of 15% soil moisture
(15-day study).

Soil g dry g new Transpiration Transpiration
temp. weight growth ml/g dry ml/g new

DC weight growth

15% soil moisture maintained

10 .38 .32 95 113
18 .45 .39 255 289
35 .25 .19 260 343

15% soil moisture allowed to become depleted

10 1. 55 1. 49 36 110
18 1. 28 1. 22 24 40
35 .16 0.10 166 265

A. tridentata grows poorly at a root temperature of 35 0 C (see page 95).
At this temperature, however, the transpiration rate was very high (Table 4).
Transpirational water loss by new growth was much higher for this species than
for the other three especially at the highest soil temperature. This species
lost resistance to water movement as soil temperature was increased. This
may be related to its failure to grow in hot deserts.

Table 4. Water use by A. tridentata at 3 soil temperatures with mainte
nance of a starting level of 15% soil moisture (18 days).

Soil
temp.

DC

10
18
35

g dry
weight

.42

.61

.30

g new
growth

.20

.39

.07

Transpiration
ml/g dry
weight

261
237

1320

Transpiration
ml/g new
growth

705
654

5640
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Summary

Seedlings of 4 desert plant species Salsola pestifera, A. Nels., Sporobolus
airoides (Torr. ) Torr., Atriplex lentiformis (Torr.) Wats., and Artemisia
tridentata Nutt. were grown in Yolo loam soil at root temperatures of 10, 18,
or 35° C. Two soil moisture systems were used for the first three and one for
the last. Dry matter production increased for increasing soil temperature for
§. pestifera between 21 and 350 C and for the others between 10 and ISo C.
Soil temperature at 350 C greatly decreased that for A. tridentata. Transpira
tional water use efficiency measured either as mIlg new growth or mllg dry
weight increased for some species as soil moisture was decreased and at the
higher temperature. For -1.. tridentata, however, the high temperature re
sulted in loss of resistance to water movement.

INTERCEPTION OF RAIN BY FOLIAGE OF DESERT SHRUBS

If some plant species native to desert areas are able to "collect" rainfall
and channel it down their stems so that it enters the soil at the base of the shoot
that plant may have ecological advantage for two possible reasons. One is that
sparce summer rains may enter soil in sufficient volume (but in a smaller area)
to penetrate into the root zone with the foliage and stems of the plant acting like
a funnel; the other reason is the rain enters the soil at a location where it is
most likely to penetrate into the soil rather than move away as run off.

The periphery of the branches of trees or shrubs is often considered as a
"drip line" which diverts rain water to the outside of the plant. At least for
one tree species the rain reaching the tree is funneled from leaves to branches
and down the tree trunk (Haas, 1947). It was wondered if some desert shrub
species behaved similarly.

Litter generally accumulates under native shrubs and shrub clumps and
its partial decomposition on the soil surface usually makes soil much more
permeable to water. It can be expected that rain water entering soil near the
center of accumulated litter would be more likely to penetrate soil than rain not
striking the area influenced by the litter.

A Hudson sprayer was used to spray droplets of water onto shrub species
to simulate rain. For Larrea divaricata the simulated rain essentially all
moved down the stems of the plant and entered the soil in one spot. L. divari
cata is a species that responds to summer rain. Simulated rain on Eph~
nevadensis moved mostly down stems. With Franseria dumosa most of the
simulated rain dripped through the plant without being funneled to a point loca
tion. The simulated rain dripped down the waxy leaves of Yucca schidigera
but ran off the lower dead leaves which spread the rain as it reached the soil
so that it did not reach a common point. This idea needs further experimenta
tion to determine its ecological importance.



GERMINATION AND SEEDLING GROWTH OF COLEOGYNE

RAMOSISSIMA AS INFLUENCED BY TEMPERATURE

According to a research report concerning shrub species of the Great
Basin- Mojave Desert regions (Wallace et al., 1970), seed of twelve species
studied germinated directly in vermiculite at glasshouse temperatures of about
25° C. Seed of the single remaining species studied, Coleogyne ramosissima,
did not germinate at that temperature, but did so at 4°C. Whereas the former
species appear to possess no chilling requirement for breaking of seed dor
maney, it is suggested that the later may. This hypothesis was tested.

Seed of Q. ramosissima was collected in Rock Valley in the Nevada Test
Site in June of 1969. Seed of several plants in one general area was compos
ited.

On January 25, 1970 a quantity of seed was soaked 5 minutes in 10% Purex
and then washed. Twenty-five seed were placed between layers of moist filter
paper in each of six petri dishes and, after 24 hours at room temperature, one
dish was put into each of six controlled-temperature boxes maintained at 32,
24, 16, 10, 0, and -10°C, respectively. No dish was exposed to light. Seeds
were considered germinated when the radicles had elongated to 5 mm.

By February 12 seeds were germinating in the dish at 10°C only, indicat
ing the preference of a cool temperature but a necessity of little or no actual
chilling.

At this time the seed of each dish was planted in #3 (fine) zonolite in 12
em-clay pots, and all pots were maintained at 10°C to observe the effect of the
previous temperatures upon seed emergence at what appeared to be an optimal
temperature for germination (10° C).

The rate of seed germination or emergence at the specified temperature
is given in Table 1.

Table 1. Germination or emergence of seed of Q. ramosissima as
affected by temperature.

Temperature, Germinations All seeds changed to 10° C on Feb. 12
from Jan. 25 per dish of 25 Emerged seedlings per 25 seed

to Feb. 12 seed as of
Feb. 12 Feb. 19 Feb. 25 Mar. 16

°c no. no. no. no.

32 0 2 10 17
24 0 2 6 18
16 0 3 6 15
10 5 20 22 22

0 0 0 1 18
-10 0 0 3 14

The results indicate that the most efficient germination temperature is
probably near 10° C, but that considerably higher or lower temperatures pre
vious to the application of that temperature appear to have no particularly ad-
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verse effects such as inducing dormancy or decreasing viability. They also
tend to confirm previous experience with germination of C. ramosissima in
vermiculite, where 10° C had given consistantly good germination whereas at
regular glasshouse temperatures germination had been erratic and generally
poor.

A study of growth of seedlings of C. ramosissima at various temperatures
was begun December 10, 1969. Five seed were placed in each of five 10 cm
clay pots in a mixture of one part pumice and one part Yolo loam, and the pots
were placed in a chamber at 10° C for germination. By late January the seed
lings had become well established, and at this time four pots were placed in
chambers at 10, 16, 24, and 32°C, respectively, and the fifth placed in the
glasshouse where temperatures normally varied daily from 18 to 28° C. The
seedlings were watered and fertilized as necessary, and on April 20, 1970,
the tops were harvested, measured, dried, and weighed. The growth results
are given in Table 2.

Table 2. Effect of temperature on growth of Q. ramosissima seedlings.

Temp. Light* Number of Mean Mean Compactness
plants height weight of seedlings

°c f. c. x103 mm mg mg/mm

10 2.4 5 9 53 5.6
16 2.4 5 29 125 4.3
24 2.4 4 85 248 2.9
32 2.4 4 48 52 1.1
18-28 5.1 5 66 285 4.3

*Averaged over the time period 8 a.m. to 5 p.m. on sunny days which
were typical during this experiment.

Whereas seed germination had been most successful at a low temperature,
optimal growth of seedlings on the weight basis required a higher temperature,
somewhere near 24°C. With the amount of light in the temperature chambers
the seedlings elongated considerably as the temperature increased from 10 to
24°C, and over the range 10 to 32°C the seedlings became less compact and
dense. Best seedling growth was obtained for those seedlings in the glasshouse
with a fluctuating temperature and considerably more light. The additional
light appeared to increase compactness of seedlings.

R. T. Ashcroft is the principal author of this report.



SOME PRELIMINARY C02 AND H20 EXCHANGE STUDIES

WITH NULL- POINT GAS EXCHANGE EQUIPMENT

WITH SPECIES NATIVE TO THE NEVADA TEST SITE

A null-point gas exchange instrument (Koller, 1970; Koller and Samish,
1964; Whiteman and Koller, 1964; Walker, 1970) has been set up in this labor
atory with automatic controls.

An improved version of the Null-point Compensating System to measure
photosynthesis, respiration, and transpiration of plants was developed recently
by Koller (1970). A modification of the original servo control unit for this sys
tem has been described by Mork et al. (in press).

The apparatus consists of three units: (1) a plant chamber; (2) a tempera
ture control unit; (3) a null-point compensating unit.

(1) The plant chamber is a modified Siemens Gas-exchange, transparent
assimilation chamber.

(2) The temperature control unit has controls for chamber air tempera
ture (Siemens temperature controller with power supply) and for dew-point
temperature of two thermo-electric water absorbers in the compensating sys
tem.

(3) The null-point compensating unit includes (a) a sampling loop; (b) a
humidity-compensating loop; (c) a C02-compensating branch; and (d) an im
proved feedback control.

This system has the capability of making accurate, continuous measure
ments of vapor fluxes under constant atmospheric conditions and recording the
rate of compensation required to maintain those constant conditions.

The principle of operation is based on prevention of any change in atmos
pheric composition in the chamber as a result of measurement. This is
achieved in the case of transpiration by drying the appropriate proportion of
the chamber atmosphere, in the case of photosynthesis by supply of C02
enriched air, and in the case of respiration by supply of C02-free air. The
first case involves no volume change in the system, while the two others in
volve displacement of an equivalent volume of air from the system. The ac
tivity of the plant is measured by determining the rate of compensation (dry
ing, C02 supplied or removed per unit time).

Some examples of preliminary studies made with the instrument follow:

Three plant species grown in soil were irrigated with a full nutrient solu
tion plus 0, 50, 100, 200, or 400 me per liter NaCl. The use of the full nutri
ent solution was so that the sodium would not replace all of the exchangeable
potassium, calcium, and magnesium in the soil. Data obtained (Table 1) indi
cated decreasing photosynthesis and transpiration for each species for 200 and
400 me per liter NaCl. The Artemisia tridentata eventually died at these two
levels of NaCl. The data were obtained after about 2 months of treatment.
The compensation period (Tregunna and Downton, 1967) seemed to increase
for two species at the highest NaCI level. The Atriplex species and Salsola
pestifera seem to have the C-4 dicarboxylic acid pathway for photosynthesis
(Hatch and Slack, 1966; Slack and Hatch, 1967; Black et al., 1969).

During the period of May 19 to July 8, 1970 individual plants and branches
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of plants of several species were tested for net C02 uptake and net H20 release
using the equipment described above. The results are in Table 2. The data
were collected at different hours of the day and may not be totally comparable.
The soil moisture in no cases was limiting and was near the zero bar level
during the tests. The first five species in the list appear to have the C-4
dicarboxylic acid pathway of photosynthesis (see above). There seemed to be
large species differences in C02 and H20 exchange.

Table 1. Transpiration and photosynthesis vs salinity (dry weight basis).

Species Photosynthesis Transpiration Compensation
(mg C02/gm/min) (mg H20/mgl Point (ppm C02)

min)

Atriplex canescens
o me/l NaCl 0.298 21.1 5

50 me/l 0.297 22.2 6
100 me/l 0.140 6.7 4
200 me/l 0.163 8.7 4
400 me/l 0.089 4. 7 5

Atriplex confertifolia
o me/l NaCl 0.780 5.1 4

50 me/l 0.129 7 4 4
100 me/l 0.119 5.7 6
200 me/l 0.042 2.6 4
400me/l l 0.039 18 ~100

Artemisia tridentata
ome/l NaCl 0.075 5.9 46

50 me/l 0.041 3.1 56
100 me/l 0.060 4.4 47
200 me/l 0.037 1.4 <70
400 me/l 0.018 1.4

Table 2. C02 and H20 exchange rates for several species of plants na
tive to the Nevada Test Site (dry weight basis).

2.22
0.13

Species

Atriplex canescens
Atriplex confertifolia
Atriplex hymenelytra
Atriplex lentiformis
Salsola pestifera
Lycium andersonii
Lycium pallidum
Lycium shockleyi
Franseria dumosa
Encelia virginensis
Artemisia tridentata
Coleogyne ramosissima
Prunus fasciculata
seiIiloCarpus diffusus
Larrea divaricata

Net C02
(mg c021gm/hr)

15
5.6

21
15
22
37
35
30
33
17
3.7
7.3

23
1.9

Net H20 25° Compensation
(gH20/gm/hr) point (ppm C02)

0.86 5
0.32 4
1.81 5
1.95 11
2.35 4
5.40 49
3.74 39
4.44 44
3.89 39
1.93 39
0.28 50
0.54 55

43
51
66



Figure 1. Lycium andersonii. Photosynthesis, transpiration and
compensation point, early afternoon, 1 July 1970 (see text).

Figure 2. Lycium shockleyi. Photosynthesis, transpiration and
compensation point, late afternoon, 1 July 1970 (see text).
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Data obtained with Artemisia tridentata under stress indicate that it can
remove soil moisture effectively above tensions of 60 bars (Table 3). When
tensions reached about 36 bars, transpiration rates began dropping off rapidly.
Net C02 assimilation begins decreasing at about 46 bars and reaches very low
values at about 46 to 55 bars. Transpiration rates dropped to about zero in
the soil tension range of 60 to 70 bars. If irrigated at this point the plant re
covers completely. In these studies with confined root systems, the plants
died after about a week under conditions where transpiration dropped to approx
imately zero.

These studies and continuing similar studies will contribute to an under
standing of physiological parameters influencing plant populations and distri
butions at the Nevada Test Site.

Table 3. Transpiration and photosynthesis of Artemisia tridentata as
a function of soil moisture under stressed and non-stressed
conditions.

Days Photosynthesis Transpiration % soil Bars
after* (mg C02 per min) (mg H20 per min) moisture tension

20% under 20% under
for stress under

moisture stress moisture stress treatment stress

1 3.34 1. 73 35.1 21. 0 20.3 0.0
3 3.02 1. 95 28.5 23.3 20.2 0.0
6 2.25 1. 55 29.6 22.0 19.9 0.3
8 3.02 2.05 27.4 20.5 15.7 18.8

10 3.34 2.60 40.2 22.1 13.8 24.4
13 3.02 2.05 31.3 27.5 11. 0 36.0
15 3.02 1. 95 35.8 17.5 8.5 46.0
17 2.76 1.13 32.7 11. 6 6.6 55.8
20 2.62 0.73 31. 8 8.5 5.4 59.2
22 2.62 0.38 36.4 7.0 4.6 61. 6
24 2.00 35.7 4.2 4.0 64.0

*Days after start of study when both treatments were uniformly moist.

Examples of typical data on photosynthesis, transpiration, and compensa
tion point on two desert shrubs are shown in Figures 1 and 2. Each trace is
identified by a letter designation as follows: A, water vapor or humidity; B,
chamber temperature; C, bath temperature; D, C02 concentration; Dl, point
at which C02 supply was turned off; D2, approximate compensation point; E,
rate of C02 addition; F, rate of water vapor removal. In each case the set
point dial readings (about 40 mv and 80 mv for humidity and C02, respectively)
represent the desired concentrations of water vapor and C02 in the chamber.
Reference to the respective humidity sensor graph (Mork et al. in press) and the
concentration graph (Mork et al. in press)show the relative humidity to be about
28% (for a dial reading of 37) and the C02 concentration to-be-about 325 ppm
(for a dial reading of 83). The ordinate of the strip-chart is time.

The Esterline Angus recorder charts on the right of the figures show the
following data for the two desert shrubs: Lycium andersonii (Figure 1) used
31 mg of C02 and released 4.3 g of water vapor per gram of dry leaf tissue
per hour; compensation point 45 ppm. Lycium shockleyi (Figure 2) used
24.8 mg CO2 and released 4.9 g of water vapor per g of dry leaf tissue per
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Figure 3. Plantchamber showing
branch of Larrea divaricata in
place for study.

335

hour; compensation point 54 ppm.

Photographs of some of the parts of the Null-point Compensating System
are shown in Figures 3 and 4.

Figure 4. Portions of Null-point Compensation System mounted in
trailer for field studies.



FLOOD DAMAGE AT THE NEVADA TEST SITE

AND AMARGOSA VALLEY IN 1969

Rainfall during January and February 1969 in southern Nevada greatly ex
ceeded normal amounts (Table 1). Because desert soils often have a low water
holding capacity and/or slow rate of infiltration, most high level rainfall is
surface runoff. In addition plant populations are not adequate to hold the soil
in place against rapid water movement. For these reasons, a great deal of
flood and water damage resulted from the high amount of rainfall in early 1969.
Such infrequent and high intensity rains are of great ecological consequence in
terms of biota and land forms.

Table 1. Total rainfall (cm) for January and February at various
locations on and near the Nevada Test Site.

Location 1965 1966 1967 1968 1969

Amargosa Valley
(Schultz Ranch) 0.8 1.2 0.8 3.4 8.1

Rock Valley 0.6 2.5 3.3 3.2 17.1
Desert Rock 0.5 2.1 3.1 2.5 14.8
Cane Springs 0.9 2.1 4.4 4.2 22.9
Tippipah Springs 0.5 1.0 1.5 6.0 28.1
Public Health Farm 0.3 1.4 1.1 5.7 16.4

Figure 1. The vehicle just happened to be in the wrong spot when
the recent storm sent flood waters rushing down desert washes,
wrecking roads and stopping traffic. The driver was able to get
away safely. (CourtesyofN.T.S. News)



Figure 2. View of Schultz Ranch (surrounded by trees) looking ap
proximately southeast. The straight line which starts at the lower
right is an old railroad bed. Water came from the north (bottom of
picture). This is a new stream channel in what was level creosote
bush desert.

Figure 3. View through a solid-row planting of tamarisk trees
showing exposed roots. The tree on the left was almost pushed over.
This row of trees slowed the flood water and much of the silt and
fine sand was dropped here.
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In many locations during the January and February 1969 rains, asphalt
roads were washed out or undercut so as to be impassable. Many unsurfaced
roads which were not protected became temporary stream beds, exposing
large rocks in some places and in other places filling up with fine sand and silt.

Established stream beds were inadequate for the volume of water and the
streams spread over widths of up to 45 meters. Many new stream beds devel
oped. As the stream banks washed away, some plants were washed out, some
had roots exposed, and some were buried in debris and gravel.

The accompanying Figures 1 - 5 with their captions illustrate the extent
of damage in some areas.

Figure 4. The depth of this new wash can be seen in the cut bank.
In the center are chunks of asphalt washed off the road. Such
storms and resulting runoff have great consequences in recycling
of radionuclides.

Figure 5. A large
Larrea divaricata
which was uprooted
by flood water. E
nough root was re
buried in silt to per
mit some new leaf
growth.



PRELIMINARY STUDIES ON NITROGEN CYCLING

Nitrogen is believed to be one of the most important limiting factors in
primary productivity in desert ecosystems. Relatively little is known of nitro
gen use and input for the system under study. Shields and Drouet (1962) re
ported the presence of blue-green algae in several of the soils of the Nevada
Test Site and these algae are capable of biological nitrogen fixation. An ac
curate assessment of the nitrogen cycle must await detailed studies of nitrogen
fixation in the soils involved and of decomposition of the materials produced.

Experimental Results

A small mixed shrub clump in Mercury Valley was selected as one study
site. It was near a wash and subject to flood in heavy rain. Its dimensions
were 80 cm by 80 cm and approximately 0.64 m2

• The boundary of the sample
area extended about one-half the distance to other shrub clumps. The site con
tained five different species of shrubs (Table 1). There were one of each ex
cept several of Krameria parvifolia. No annual plants were present at the time
of sampling. The plants were beginning to show new growth on the sampling
date of March 15, 1967. The tops of plants were removed and cut up for dry
ing and grinding. The soil in the entire plot was excavated to a depth of 45 cm
so that the roots could be removed. The roots also were washed and cut up for
drying and grinding. Soil samples were taken representing Ao, 0-15, 15-30,
30-45 cm depth, both directly under the shrubs and also in the open area on
which no shrubs grew.

In Table 1 are weights and total nitrogen contents for the five shrubs. The
samples were assayed with a Coleman nitrogen analyzer.

Table 1. Dry weights and nitrogen contents of the shrubs present in
the 0.64 m2 area that was sampled.

Above ground Shoot Root Total N
dimension wt wt Shoot Root

cm (h) X cm X cm g g %of dry wt

Larrea divaricata 50 x 30 x 50 68 32 1. 20 2.04
Eurotia lanata 30 X 20 X 20 20 2 1.17 1. 54
Franseria dumosa 30 X 40 X 40 259 150 1. 21 1. 03
Krameria parvifolia 15 X 30 X 30 183 103 1. 19 0.78
Lycium andersonii 30 x 50 x 50 415 118 1. 33 1. 65

Weighted means 945 405 1. 25 1. 34

Soil samples were also analyzed with the Coleman nitrogen analyzer
(Table 2); one-half g samples were used. Nitrate nitrogen was determined on
the samples also by the phenoldisulfonic acid method with water extracts
(Table 2).

The results in Table 2 can be summarized to indicate that the soil organic
matter and litter contains about 770 to 2200 kg N/ha (1050 kg/ha mean). There
was between 33 and 55 kgnitrogen/ha in the plant produce. Very similar re
sults were obtained by Garcia-Moya and McKell (1970). There was about 1 kg
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Table 2. Nitrogen and carbon contents of the soil from the Mercury
test plot on the oven dry soil basis.

Soil and depth, cm Total N Organic C C/N N03-N

ppm % ppm

Near shrubs, Ao 1540 2.50 16.2 2.4
Near shrubs, 0-15 deep 585 0.56 9.6 1.4
Near shrubs, 15-30 deep 489 0.45 9.2 0.7
Near shrubs, 30-45 deep 384 0.36 9.4 0.6
Away from shrubs, 0-15 deep 295 0.32 10.8 0.5
Away from shrubs, 15-30 deep 299 0.22 9.2 0.5
Away from shrubs, 30-45 deep 252 0.28 11. 1 0.3

per hectare of nitrate nitrogen. Without accurate data for the new growth pro
duction for a given year we assumed that the new growth was about 20% of the
standing biomass as is known to occur for a tree species and we further as
sumed that the total amount of nitrogen in the new growth was equal to about
20% of that in the shrub (Cameron et aI., 1954). This would mean from 7 to 9
kg of nitrogen actually used per year on the per hectare basis. This estimate
could be in error easily by 50% either way. Since about 2% of the organic ni
trogen in an average soil can be mineralized in a year (Millar et aI., 1965),
the soil organic matter that has accumulated in this desert environment could
deliver approximately 21 kg nitrogen per hectare per year on this basis of cal
culation. This supply of available nitrogen (21 kg) vs that actually needed (7 to
9 kg) would more than adequately meet the requirements of the primary pro
duction without nitrogen deficiency if assumptions either that the soil is 100%
occupied by roots or that any mineralized nitrogen is available to plants by the
process of mass flow (Barber et aI., 1963) are valid. Nitrogen then may not
be a limiting factor in this system. The use of irrigation water, however, to
increase primary productivity may make nitrogen limiting. Annual plants did
respond fo nitrogen, however, in plots near the same area. In May of 1969,
following a nitrogen treatment in 1967, the annual plants in Rock Valley res
ponded to the nitrogen treatments, but the shrubs did not (Table 3). The an
nuals were in the open areas between the shrubs where soil organic matter had
not accumulated.

Table 3. Dry weight of Chaenactis fremontii from plots fertilized
with nitrogen and not fertilized with nitrogen.

Treatment
NH4N03
kg N/ha

o
100

Drywt
per plant

g

0.19
2.03

Similar plant excavation studies have been made in an Artemisia tridentata
community. No other shrubs were present in the site studied. An area of one
m2 was selected in the Pahute Mesa area on May 8, 1968. The plant material
was divided into new leaves, living stems, dead stems, roots and litter. Soil
samples were taken to represent 0 to 2.5, 2.5 to 7.5, 7.5 to 15, and 30 to 45
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cm depths. Data obtained are given in Tables 4 and 5. Of the 239 kg of nitrogen
in the plant material on the per hectare basis, 22 kg were in new leaves. If
approximately similar amounts were needed for new growth of stems and also
of roots (over estimated), some 55 to 65 kg would be needed annually for the
crop. The approximate seven kg per hectare represented as nitrate nitrogen
in the soil would be a small part only of the estimated need. If 2%, however,
of the total soil organic nitrogen (5000 kg/hectare) were made available in a
given year, about 100 kg would be available annually. Since this exceeds the
need by approximately 50% we can postulate that the mineral nitrogen input in
to the system is real (perhaps by microbiol symbiotic biosynthesis-see page
352) and that perhaps mineral nitrogen is being leached from the system to
ground waters.

Table 4. Nitrogen contents of plant materials from an Artemisia
tridentata community at Pahute Mesa.

N Dry wt N
content plants

% kg/ha kg/ha

New leaves 1.39 1590 22.0
Living stems 0.69 9460 65.2
Old dead stems 0.46 8800 40.4
Roots 0.58 5300 30.8
Litter 1. 01 7980 80.6

Totals 33130 239.0

Table 5. Nitrogen contents of soil from the Artemisia tridentata
community at Pahute Mesa.

Depth N N Nitrate-N Nitrate-N
cm % kg/ha ppm kg/ha

0-2.5 0.212 777 4.35 1. 60
2.5-7.5 0.123 902 1. 58 1.16
7.5-15 0.079 870 0.76 .84
15-30 0.065 1430 0.68 1. 41
30-45 0.048 1056 0.55 1. 21

Totals 5035 6.22

Summary

Analyses of soils and of the standing crop in a Larrea- Franseria commu
nity and in an Artemisia community at the Nevada Test Site indicate that nitro
gen is not a limiting factor under usual conditions of shrub growth in those
communities. It was for annuals growing between shrub clumps, however.
The soil organic matter in the Larrea- Franseria community contained about
2200 kg nitrogen per hectare while the standing crops contained about 45 kg per
hectare and of this about 10 kg is needed annually for the new growth. Since
the soil organic matter would supply approximately 21 kg of nitrogen, nitrogen
would not be deficient nor would atmospheric nitrogen need to be fixed to main-
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tain balance on a short-time basi s. In the Artemisia community 239 kg ni tro
gen per hectare was in the standing crop with an estimated 55 to 65 kg needed
annually. The soil organic matter contained over 5000 kg of nitrogen per hec
tare. This could deliver around 100 kg to plant growth annually. It could be
expected that some nitrogen could be leached from the system each year if
atmospheric nitrogen were fixed and if the system were in steady state.



PRELIMINARY ESTIMATION OF SOME ASPECTS OF

PHOSPHORUS CYCLING IN TWO LOCA TIONS

AT THE NEVADA TEST SITE

The two sites used in this preliminary estimation are those used for the
nitrogen estimation (see page 339). Because so many agricultural crops re
spond to phosphorus under irrigation when grown on desert soils in the western
United States, it was suspected that phosphorus may be one of the limiting
factors in primary productivity in ecosystems at the Nevada Test Site.

Data for phosphorus contents of shoots and roots for the perennial plant
species involved in the site at Mercury Valley are in Table 1. For these
plants the amount of phosphorus involved in the standing crop was about 45 kg
per hectare within the shrub clump. This involved the area in which the shrubs
grew and did not include the bare areas (ground cover for shrubs was about
20%). Assuming that up to half this much would be needed for annual new
growth because of turnover due to leaf abscission and flower and seed produc
tion, about 25 kg per hectare would need to be accumulated from the soil annu
ally ~ The amount needed for the annual plants likely would be less because the
primary productivity for annual plants is generally less than for the perennial
plants (see page 230). In any event the phosphorus needs for plants in this
system may be somewhere around 30 kg per hectare per year (6 kg per hectare
per year considering 20% ground cover).

Table 1. Phosphorus contents of perennial plants excavated from a
0.64 meter2 site in Mercury Valley.

Dry weight P P P

shoot root shoot root shoot root total

g g % of dry wt g/O. 64 m 2 kg/ha

Larrea divaricata 68 32 0.16 0.07 0.108 0.022 0.130 2.03
Eurotia lanata 20 2 0.22 0.09 0.044 0.002 0.046 O. 72
Franseria dumosa 259 150 0.30 0.19 0.777 0.285 1.062 16.59
Krameria parvifolia 183 103 0.34 0.26 0.622 0.267 0.889 13.89
Lycium andersonii 415 118 0.18 0.14 0.747 0.165 0.912 14.25

47.48*

*In the clump. If ground cover is 20% then the amount of phosphorus in kg per
hectare = 47.48 x .2= 9.5 kg per hectare.

The soils in this area have been examined for bicarbonate-soluble phos
phorus (Olsen et al., 1954). In an earlier test we had found 5 kg per hectare
of available phosphorus in the first 5 cm of soil. Lower horizons contained
about 1 kg per hectare for each 5 cm of soil. Roots occupy about 40 cm of soil
so that about 12 kg soluble phosphorus would be available per hectare. In an
other sample there were 1. 3 kg per hectare for 0 to 15 cm, 0.4 kg per hectare
for 15 to 27 cm, 0.5 for 27 to 44 cm, and 1.3 for 44 to 150 cm. This totals
4.5 kg per hectare and represents the ground area occupied by the shrub clump
(approximately 20% of the total). The area outside the shrub clump which
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represented the other 80% had 2.1 kg per hectare soluble phosphorus to the 150
cm depth. This could support the few winter annuals only which grow in the
open area. These values which indicate a mean of 2.6 kg per hectare seem to
be less than the annual need of around 6 kg per hectare. It would appear, there
fore, that under the conditions encountered that phosphorus supplies would be
inadequate to maintain the amounts of production involved. Actually leaf con
tents for phosphorus (Table 1) are much like those for agronomic crops, i. e. ,
they do not appear to be low. If production were greatly increased or if the
cycle were upset by harvesting procedures (grazing for example), or if large
amounts of leaching occurred, however, it appears that phosphorus stress may
occur.

Data for phosphorus in the Artemisa tridentata stand at Pahute Mesa are
in Table 2. The amount of phosphorus in the standing crop was around 60 kg
per hectare and in an amount equal to twice that which was in the litter beneath
the plants. If the transfer coefficient between these compartments is sufficient
ly large, the system could be maintained with no phosphorus stress. This may
be unlikely since the amount of bicarbonate-soluble phosphorus amounted to
about 15 kg per hectare in the A. tridentata shrub community. This is equal
to about 20% of that in the litter and may be indicative of the annual transfer
rate between the two compartments, i. e., about 20% per year. The 15 kg per
hectare of phosphorus which was bicarbonate-soluble was similar in amount to
that in the new leaves plus that in new branches and may represent closely the
annual need for new phosphorus absorption. It would seem that the phosphorus
status of the ecosystem may be quite fragile and may even be a limiting factor.
The annual need appears to be about that which seems to be available.

Table 2. Phosphorus contents of plants and litter in an A. tridentata
stand at Pahute Mesa. -

Plant material P P

kg/ha % dry wt kg/ha

Leaves 1,750 0.307 5.37
New branches 10,500 0.080 8.40
Old branches 9,680 0.050 4.84
Roots 5,650 0.698 39.44
Litter -b.§.QQ 1.445 127.16

Total 36,380 185.21

Minus litter 27,580 58.05

The efficiency of available phosphorus absorption by roots is relatively
low; 10 to 20% is common. If this is the case in ecosystems of the Nevada
Test Site, it may be a reasonable conclusion that phosphorus is limiting or at
least very near a limiting factor.

Tiedemann and Klemmedson (1970) found in Arizona that phosphorus was
limiting for at least one species of grass growing in areas between mesquite
trees. It may be that phosphorus is also limiting at the Nevada Test Site for
at least some species. The total phosphorus content of the soil below the litter
from the Pahute Mesa site according to the nitric-perchloric acid digestion
procedures was 195 ppm; this is a low content and indicative of potential stress.



EFFECT OF BORON LEVELS

ON TWO DIFFERENT PLANT SPECIES

WHICH OFTEN GROW IN SOILS HIGH IN BORON

Franseria dumosa and Atriplex hymenelytra tend to grow in soils which
are high in boron. Both are very common in areas of Death Valley, California.
[. dumosa is also very prevalent in the southern portion of the Nevada Test
Site where :i. hymenelytra is present in small quantities only (Beatley, 1969).
Boron contents of leaves of these species which were collected from the field
indicate that F. dumosa accumulated boron in moderate quantities but that A.
hymenelytra had variable quantities of it in leaves (see pages 156 and 
185).

Chatterton et al. (1969, 1970) grew Atriplex polycarpa in solution culture
and found that the tolerance of this species to boron is related to its ability to
absorb relatively little of it from the nutrient substrate. This species also
grows abundantly in places like Death Valley. The present studies indicate
that A. hymenelytra and [. dumosa to a lesser extent have the same ability.

Materials and Methods

F. dumosa seedlings 2 months old were transferred from vermiculite to
1800ml modified Hoagland nutrient solution with added boron levels of 0.0,
0.1, 2, 5, 10, 20, 50, 100 ppm. The plants were grown for 25 days in these
solutions without change. The plants were then divided into roots, stems,
leaves, washed in 1/10 N HCI and deionized water, dried, weighed, ground
and prepared for spectrographic analyses. The experiment was set up in du
plicate.

:i. hymenelytra cuttings (see page 173) which had been rooted in soil 3
months previously were washed from the soil and placed into 1800-ml pots in
nutrient solution without added boron. After 2~ weeks the nutrient solutions
were changed and boron levels of 0.0, 0.1, 2, 5, 10, 20, 50, and 100 ppm
were added to the plants with duplicates of each treatment. The solutions were
changed after 25 days and the plants were grown without change of nutrient so
lution for another 40 days. The plants were then separated into roots, old
stems, new stems, and leaves. They were otherwise handled as were the [.
dumosa seedlings.

Experimental Results

Yields of the [. dumosa plants are in Table 1. The 0. °level might have
resulted in some growth reduction, but there were no special deficiency symp
toms on the leaves of the plants. Maximum growth was obtained for between 2
and 10 ppm boron although the data were somewhat erratic. Levels of 50 and
100 ppm boron caused growth depression although special toxicity symptoms
were absent. Results of analyses in Table 2 indicate that the boron contents
were much lower for given levels of boron than for some other plant species
such as avocado where 2 ppm in external solutions can result in several hun
dred ppm in leaves. Boron contents of the F. dumosa plants increased con
siderably for 10, 20, 50, and 100 ppm boron and most of the boron was found
in the leaves. Oertli and Richardson (1970) have suggested that boron is moved
under influence of the transpirational stream; hence, the present results with
boron being mostly in leaves could be due to that phenomenon. Boron contents of
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Table 1. Yields of [. dumosa plants grown in solution culture at dif
ferent boron levels.

B, level

ppm

0.0
0.1
2
5

10
20
50

100

Roots Stems Leaves Whole plant

Yield, mg dry weight per plant

184 543 735 1462
166 884 1096 2146
236 1127 1470 2833
201 823 1127 2150
188 1170 1406 2764
144 727 963 1834

92 383 475 950
50 206 344 600

Means of duplicate plants.

Table 2. Boron contents of [. dumosa plants grown in solution culture
at different boron levels.

B, level Roots Stems Leaves

ppm B, ppm of dry weight

0.0 70 22 53
0.1 101 80 90
2 93 90 77
5 90 41 188

10 114 37 237
20 III 60 411
50 279 53 525

100 270 401 973

Means of duplicate plants.

roots were increased at high boron levels but not as much as in leaves.

The high boron levels seemed to influence potassium contents of roots of
..E. dumosa; the permeability resulted in loss of potassium from roots (Table
3. )

Yields of A. hymenelytra plants (Table 4) indicated progressive increases
for up to 20 ppm boron in the nutrient solution. The slight yield decreases
for 50 and 100 ppm were not associated with special toxicity symptoms. Boron
contents (Table 5) were not greatly increased by high levels of boron; the spe
cies appeared to be highly resistant to uptake of boron as found by Chatterton
et al. (1969, 1970) for ~. polycarpa. It would seem that high levels of boron
in the external medium would be necessary for normal nutrition of A. hymenel
ytra. The high level of boron had no effect on potassium contents of roots as
was indicated with F. dumosa. The tolerance to boron of these 2 species is
probably related to their ability to avoid its accumulation at high levels.

Summary

Two desert plant species were grown in solution culture with varying
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Table 3. PotasRium contents of F. dumosa plants grown in solution
cuiture at different boron levels.

B, level Roots Stems Leaves

ppm %of dry weight

0..0 6.47 6.33 6.52
0.1 8.11 8.10 7.66
2 6.72 7.81 8.26
5 9.19 9.48 6.71

10 7.37 11.46 6.43
20 6.12 9.24 8.81
50 2.47 3.93 4.47

100 1. 07 5.07 5.52

Means of duplicate plants.

Table 4. Yields of ~. hymenelytra plants grown in solution culture at
different boron levels.

B, level Roots Old stems New stems Leaves Total

ppm Yield, mg dry weight per plant

0.0 259 106 250 1290 1905
0.1 291 279 320 1863 2753
2 492 300 366 2176 3334
5 611 201 368 2431 3611

10 596 291 414 2661 3962
20 759 395 538 3403 5095
50 567 221 503 2777 4068

100 580 201 577 2623 3981

Means of duplicate plants.

Table 5. Boron contents of ~. hymenelytra plants grown in solution
culture at different boron levels.

B, level Roots Old stems New stems Leaves

ppm B, ppm of dry weight

0.0 41 28 32 31
0.1 39 23 30 22
2 40 27 42 57
5 50 44 39 70

10 57 81 46 116
20 48 52 52 156
50 57 70 71 154

100 61 103 92 155

Means of duplicate plants.
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levels of boron. Both appeared to be very resistant to accumulation of large
amounts of boron but F. dumosa accumulated moderately high amounts of it at
levels of ten or more ppm in the nutrient solution. Growth reduction was indi
cated for this species at 50 and 100 ppm boron in the nutrient solution. The
high levels of boron resulted in decreased potassium levels in roots for this
species. Growth seemed to increase for :i. hymenelytra up to a level of 20
ppm boron in the nutrient solution but leaf contents at this level were only 156
ppm of dry weight. Higher levels did not further increase boron contents of
leaves. The distribution of both of these species in the desert is probably re
lated to their ability to accumulate small amounts of boron in the presence of
large amounts of boron in the soil.



RESPONSE OF MOJAVE DESERT VEGETATION TO

NITROGEN FERTILIZER AND SUPPLEMENTAL MOISTURE

Some results of studies at our field plots in Mercury Valley are reported
elsewhere in this report. One of the main obj ectives in establishing these plots
was to investigate the response of Mojave Desert vegetation to applied fertilizer
amendments and supplemental moisture. The source of water applied by
sprinkler irrigation was the reclaimed water impounded from the sewage pro
cessing system at Mercury, Nevada. Nitrogen and phosphorus fertilizers were
applied onto the soil surface along with chelating amendments with and without
iron. Inasmuch as the vegetation responded only to added nitrogen and mois
ture during the three growth seasons following treatment, we shall not report
data from the other treatments.

Materials and Methods

Twenty-four paired plots, each 730m2 in area, were established on the
south-facing slope in northern Mercury Valley near holding ponds for reclaimed
sewage water. The quality of this water was marginal for irrigation purposes
but it was the only source economically available for this study. Mineral con
tents and sodium-adsorption-ratio (S. A. R. ) of this water were as follows:

Mineral 1967 1969

Ca (ppm) 18.44 12.5
Mg (ppm) 3.08 2.8
K (ppm) 16.00 16.5
Na (ppm) 263.0 266.3
cC jme/l) 3.73 3.06
S04- (fimole/l) 862.0 765.7
S.A.R. 21.2 23.6

The algal contents varied considerably at different seasons of the year (70 to
100 mg/l).

The nitrogen treated plots received surface applications of NH4N03 at
levels equivalent to 100 and 200 kg of nitrogen per hectare. These treatments
were added to plots in natural desert conditions and to plots periodically re
ceiving supplemental moisture by overhead sprinkler irrigation to maintain soil
moisture above a level of 5 per cent by weight. This was equivalent to from
25 to 30 cm of additional rainfall in an area which normally receives from 10
to 15 cm of rainfall annually. Plant and soil samples from treated and control
areas were analyzed for total nitrogen contents by the Colemen Model 29A
Nitrogen Analyzer II. Nitrate-nitrogen in soil was determined by the method
of Chapman and Pratt (1961).

Results and Discussion

The greatest response from surface applications of nitrogen fertilizer
came from winter annual plants with a two- to three-fold increase in standing
crop biomass. There was, however, no significant increase in the number of
plants per unit area. Some perennial plants showed visible growth response
but the effect was less striking than with winter annuals. Growth was equally
as good on plots fertilized with nitrogen at levels equivalent to 100 and 200 kg
of nitrogen per hectare during the 3-year period of our observations indicating
no beneficial influence from excess nitrogen input into the soil. Growth re-
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Table 1. Nitrogen contents of samples of vegetation harvested in 1969
from plots treated with 0 and 100 kg of nitrogen per hectare.

Plant species

Nitrogen content in dry leaf tissues*

Control plot 100 kg N/ha
% %

Astragalus lentiginosus
Atriplex confertifolia
Chaenactis carphoclinia
Ephedra nevadensis
Eurotia lanata
Franseria dumosa
Grayia spinosa
Krameria parvifolia
Larrea divaricata
Lycium andersonii
Lycium pallidum
Mentzelia albicaulis

3.33
1. 70
1. 38
1. 77
1. 66
1. 67
1.71
1.47
1. 70
2.10
1.39
1.42

3.07
2.01
1. 68
2.02
2.35
2.30
1. 90
2.05
2.25
2.23
2.69
1. 74

*Mean of 3 replicates of pooled leaf samples collected randomly.

Table 2. New shoot yield and nitrogen content of leaf tissues grown in
plots fertilized with nitrogen with and without supplemental
moisture (1970).

Control 100 kg N/ha 200 kg N/ha

Plant species Yield* N Yield* N Yield N
g % g % g %

Natural desert conditions

Acamptopappus shockleyi 6.6 1.9 7.5 2.1 5.5 2.5
Ephedra nevadensis 4.1 2.3 4.4 2.8 4.2 2.8
Eurotia lanata 8.6 2.6 9.9 3.0 10.2 3.1
Franseria dumosa 8.0 3.6 9.3 3.9 7.4 3.9
Grayia spinosa 7.2 2.2 7.9 2.4 7.6 2.4
Krameria parvifolia 1.0 2.0 1.2 2.5 1.1 2.9
Larrea divaricata 2.9 2.8 2.8 4.1 2.9 4.3
Lycium andersonii 3.6 2.2 3.3 2.4 3.4 2.4
Means 5.4 2.5 5.8 2.9 5.3 3.0

Supplemental moisture added

Acamptopappus shockleyi 7.7 1.8 9.9 2.6 8.1 2.3
Ephedra nevadensis 3.0 1.8 4.1 2.7 3.6 2.6
Eurotia lanata 13.8 2.9 16.3 3.5 14.7 3.1
Franseria dumosa 9.0 3.8 8.0 3.4 8.3 4.1
Grayia spinosa 11. 7 2.3 13.2 2.6 10.3 2.6
Krameria parvifolia 1.0 1.9 0.8 2.3 1.0 2.5
Larrea divaricata 3.2 2.7 2.6 3.3 2.9 3.1
Lycium andersonii 4.0 2.2 4.2 2.6 4.1 2.5
Means 6.7 2.5 7.4 2.9 6.6 2.9

*Data are means from three pooled samples consisting of 50 new shoots picked
at random from 10 shrubs of each species in each plot.
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sponse from supplemental moisture masked the increased growth response
from added nitrogen. The nitrogen contents of plant samples harvested during
the first season after nitrogen was applied in 1968 are shown in Table 1. In
nearly all species tested the nitrogen contents were increased in leaf tissues
grown on nitrogen-treated plots. Additional effects of nitrogen fertilization
and supplemental moisture on desert vegetation are shown by data in Table 2.
In natural dry plots no growth response to added nitrogen was measured except
for Eurotia lanata. This same species along with Grayia spinosa responded
significantly in plots receiving supplemental moisture, and all species listed
showed growth response to added moisture with the exception of Ephedra~
densis, Krameria parvifolia, and Larrea divaricata. Growth response from
added moisture was greater than the response from added nitrogen fertilizer.
For most species, however, the nitrogen treatments tended to increase the
nitrogen contents in foliage. Our results indicate that very little increase in
productivity can be gained from applying nitrogen to desert range areas unless
there is also an input of supplemental moisture.

Summary

Field studies were made to determine the response of natural desert vege
tation to nitrogen fertilization with and without supplemental moisture. The
greatest response to nitrogen fertilizer occurred in winter annual species with
a two- to three-fold increase in standing crop biomass. Among the perennial
plants present, Eurotia lanata and Grayia spinosa showed the greatest growth
response to added nitrogen. Plant growth on plots fertilized at levels of 100
and 200 kg of nitrogen per hectare indicated no increase in productivity from
excess nitrogen added to a soil. Added nitrogen increased the total nitrogen
content in the foliage of nearly all plants examined. The increased growth re
sponse from supplemental moisture masked the response of desert vegetation
to added nitrogen fertilizer.



SYMBIOTIC NITROGEN FIXATION IN DESERT VEGETATI01\

AND ITS RELATIONSHIP TO NITROGEN CYCLING

The nitrogen deficiency symptoms commonly seen in the foliage of culti
vated crop plants seldom appear in the foliage of desert vegetation. Although
nitrogen deficiency would be expected to occur in the desert environment, its
symptomatic appearance might be masked by other limiting factors. For ex
ample, the seasonal moisture may be insufficient to sustain an amount of veg
etation that could seriously deplete the available nitrogen in desert soils.
Actually, the sparse stands of vegetation typical of most desert areas should
require much less nitrogen than would be required of cultivated crop plants.
Furthermore, most of the nitrogen utilized by plants is subsequently returned
to desert soils through leaf fall and decomposition of litter. Leaching and
erosion from rainfall probably account for the greatest loss of nitrogen from a
given area in the desert; yet in some cases, that which is lost by run-off at
one site might be compensated by run-in at another site.

Another factor to consider is the degree to which certain species of desert
plants might fix atmospheric nitrogen through endophyte symbiosis of free
living microbial forms. This important life process has been the subject of
several recent reviews (Beeking, 1970; Bond, 1967; Jensen, 1965; Stewart,
1966 and 1967). With this in mind some seasonal surveys were made to see
if nitrogen fixation could be detected in the root zone of desert plants by the
acetylene reduction method.

Materials and Methods

These studies were conducted at the Nevada Test Site of the U. S. Atomic
Energy Commission in southern Nevada. Most of this area lies in the transi
tion zone between the Mojave and Great Basin Deserts where a number of plant
species common to each of these deserts grow together in dominant or co
dominant association. Allred, Beck, and Jorgensen (1963) and Beatley (1965)
have described the biotic communities of the Nevada Test Site.

Surveys were made at different seasons of the year to learn the extent to
which nitrogen fixation might occur in the desert environment either from
symbiotic microbial endophytes or from free-living forms. The acetylene re
duction method was used to detect the presence of a nitrogen-fixation system
without attempting to resolve its specific nature. This method is very sensi
tive and specific, and it has received broad application (Dilworth, 1966; Hardy
et al., 1968; Koch and Evans, 1966; Schollhorn and Burris, 1967, and Stewart
et al., 1967). Briefly, 50 g samples containing roots and soil, or soil alone,
were taken from the root zone of plants growing in the field and placed in se
rum bottles. A few drops of water were added to moisten the soil if needed,
and the samples were immediately purged with a gas mixture (80% argon, 20%
oxygen, 0.04% C02) and then charged with a measured volume of acetylene.
After selected incubation intervals, the samples were analyzed for the pres
ence of ethylene by gas chromatography (Wheelco Flame Dectector). Control
samples with Clostridium pasteurianum were run in conjunction with these
field samples. Although the results of these preliminary surveys are qualita
tive, all verifications were made with multiple samples having from two to five
replicates.
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Experimental Results
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Results of seasonal surveys on some prominent desert plant species in our
study areas appear in Table 1. At no time was the presence of a nitrogen
fixation system detected in soil samples without roots; all positive results were
with root-soil samples except for the lichens. Root nodules were prevalent on
two of the legumes, Astragalus lentiginosus and Lupinus argenteus. We detected
what were thought to be root nodules on Artemisia tridentata and Krameria
parvifolia, but no intensive effort was made to examine whole-root systems for
the presence of nodules or to isolate microbial endophytes; such work forms
the basis for future investivations. As one might suspect, no evidence of a
continuing fixation reaction was seen after the soil was depleted of its seasonal
moisture with the onset of the hot, dry summer months. Negative results also
were obtained in spot checks after some late summer and fall rains. Although
these surveys did not identify the specific nature of a nitrogen-fixation reaction,

Table 1. Plant species surveyed for nitrogen fixation by the acetylene
reduction method. An x indicates positive detection of the
reaction in root-soil samples.

Date of sample collection

Plant Species

Acamptopappus shockleyi
Artemisia arbuscula
Artemisia spinescens
Artemisia tridentata
Astragalus lentiginosus
Atriplex confertifolia
Bromus rubens
Coleogyneramosissima
Dalea fremontii
"Ef)hedra funerea
Ephedra nevadensis
Eriogonum inflatum
Eurotia lanata
Franseriadumosa
Grayia spinosa
Hilaria rigida
Hymenoclea salsola
Kochia americana
Krai1ieria parvifolia
Larrea divaricata
"L'ej)'iciium fremontii
Lichens (not identified)
Lupinus argenteus
Lycium andersonii
Lycium pallidum
Lycium shockleyi
Oryzopsis hymenoides
Sphaeralcea ambigua
Tetradymia canescens
Yucca schidigera

Dec. 9 Feb. 17

x
x

x
x
x

x

x

x

x

Apr. 16

x
x

x

x

x

June 12

x

x



--C -=ocoeC· =:=0_:. ..__ ..::-:~ .c===::. ~~.~~l~-::";'_~ -=_:.;~ ::~~~:::c- ;~~ ""':':._==:~~:::=' . ..c.-:-;;-_ ..=
==:::?c~ ~-,c::=': E."'::.:. .......::... -- ...--=- .::.c·~·~: .. ~=-:::+~~_;::-- .::'-=::-:,~::; ..:.~- _;'0-;,"""::' ..:..::= :co=--=- .-~;::::::: .::.-
==:': ..---.::~=:.':': :-::':;":':; :=::::::- :.-:-:::::: :.':':::-:~:':·:;;;.-;i - .:. ~.,;-~~ .. :::~=.•~:~ :~==:~ ~~- ~,=: ~~: -=_7"....~-_ ::

~~~~~~; _-=_~ ..:2;~~~~:-~-_ -~~::~~ -~:~·i~~;~~~~~~~=;~~~
=-=: =::-=::.; :'"==.::::::':::7:~c~':::==:: :'-'=:: ::.:::::;.: -:--~c7E:::::::~: -.;:~:' .=.=::-= ~=_,=:-=:-=...:.--= 'O-:-.:::..~ :,':=;:'= -:::
~ ~'=::-:::F..-" '-.. =-==== :=::==. c:= --..- ::::-,;:=: ::7':'.~: -_.. _;:::::~~:;:.-=-~.....== ::~1!4==1:-::

:::;-- c:-:."'::.c.:o. c.:-. ::==~: :::::.::==:::- =-,=::C: :::::.- _-:::.:.- :::"=-: .=-. ..---. .-:-:.;; :::;== :==--==-,===,_:..:- -==-;~f:::

~~:---~::;iE~2~ --.~:~~;~-:--~-:- j·j~~;~;-:~;i
=s ~=:::::. _ _- ..s~:= ....~:~~ ;:c~ &,~c-t. _. _o=: -- ~- :~~

. _. .- .-.:-.':-c _.::---:- ,:

ARpEN EUS

-- .::o. .•:-,,= .::.:..:-:_.-_ .... - . -- _.-

!ART] MISI CO EOG NE - AlltrEM SIA
,_ ~IN ~SCE!'!S RA f.iOSI SIMi Til DEN ATJ

y.

1."'.

~
-_. -

- ._-
___--'E·

~.---

=

:-_,= ..cc __ :__: : -:: ..

-C:ff~:<:

: :-'!"-:"'-:.-

.::=: - :=,
_.1--

-====--

-----=

~ -- ._:-= .

.= ~-

t
t:·, - ~-=-=--::= -- . ~=-_ ___.::=:I. .: -~_~_. C==._~~

!:~~-f~-Idt~.rr---~~-21.k::·~::"-~:::'=:--t~=:=a~""~-'--:-=-H·=::::=~.:;=t::=.~~-~~._:j~-~-::::--6'-3~-:H.r:f:~c-~-_'--:~:~f.·-=====~~g~~=::'~-.-"",="~~[-k:-t~~-f~~_-~~=-~.~I~~~

, - ---- ---- --- - - - c:=-===-=-=--_ -::=,-,",-= ~ ,::=.:..--=::=-~=o o'~ ~:::

- -.- : i ...."--. ~--"":-l--- -.". -j --.-.--------''''=-=:0.:::':.:.-:::-_ --c- -T=:::==:::::-::-:=:'-== :=::-=, ":1-.::.;- ,,:~

:"F"-::-f-t:--f-1F+ -(:=~ ~;io":""'--= 0 1 -_:---~~:-=-:- ~~l'='-==- ==-~~ :: -:r.::,::o:::~-=

.~;J .•+iG~~D i:~~:~,rt~ -~:£~:, '-{~
1 "TA i DAL A : lUlAMERIA i

co C:. -

" -'-7--
~---=:-

~EENS
----..~. ...........,.. I:: ,

: {ANESCE!4s ! I FREMONrrl PJ RVlFiOLIAj

::~ ....._-'" ~ _~:r:""""..,..JmJ.,,......,·,...::.......wi:~_L..----'---~,==

Figure 1. Gas chromatogram tracings of ethylene (C2H4) produc
tion from acetylene (C2H2) in root-soil samples for some different
plant species with a common incubation time.
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we presume that symbiotic microbial endophytes are primarily involved be
cause of the sensitivity of the reaction to temperature and moisture and its
dependence upon the presence of plant roots. Went and Stark (1968) reported
that "typical endotrophic mycorrhiza was observed microscopically in the
roots of Franseria dumosa, Peucephyllum schottii, and Hymenoclea salsola.
All other desert plants both annuals and shrubs, had many hyphae in their
rhizosphere and surrounding soil. The dark colored hyphae could often be
seen penetrating through the root epidermis." Farnsworth and Hammond
(1968) observed nodules on the roots of Artemisia ludoviciana and found that
the endophyte isolated from the nodules was bacterial, and presumably func
tioned in the assimilation of atmospheric nitrogen. The presence of these nod
ules seemed to be correlated very closely with the supply of early spring
moisture and cool soil temperature. Nodules could not be found after soil had
dried out near the end of June.

The gas chromatogram tracings in Figure 1 show some examples of the
relative activity of the acetylene reduction - ethylene production reaction by
root-soil samples with common incubation time. 12.. rubens and 1. argenteus
were the most reactive samples detected by our qualitative survey method.
:§.. rubens is an introduced grass species (Beatley, 1966) of ecological signif
icance because it grows primarily within the sheltered canopies of shrubs
where nitrogen fixation may be of greatest advantage to native vegetation.

It is well known that leguminous plants may contribute substantially to the
nitrogen status of soils; however, symbiotic nitrogen fixation is not restricted
to legumes. Diverse non-leguminous angiosperms also fix atmospheric nitro
gen by root-nodule symbiosis in association with actinomycetes (Becking,
1970). More than 100 species of 14 genera of 7 families of the nonleguminous
angiosperms are reported to have root nodulation (Allen and Allen, 1965;
Becking, 1970; Bond, 1963; and Stewart, 1967). Should further investigations
on species suggested as possible by our surveys show conclusive presence of
root-nodule symbiosis, the following families, genera, and species of non
leguminous plants could be added to those already identified as having root
nodule symbiosis;

Compositae: Tetradymia canescens, Hymenoclea salsola, Artemisia
spinescens, Artemisia tridentata. Farnsworth and Hammond (1968) have
identified Artemisia ludoviciana.

Rosaceae: Coleogyne ramosissima. The genera Cercocarpus, Dryas and
Purshia have been identified in this family.

Gramineae: Bromus rubens.

Krameriaceae: Krameria parvifolia.

Three of the other species which tested positive to the acetylene reduction
reaction are Leguminosae: 1. argenteus, Dalea fremontii, andA. lentiginosus.

The nitrogen fixation capabilities of lichens is of ecological importance
because of their widespread occurrence in desert soils. At our study sites
the lichens are most active during the cool, moist winter and early spring
months. These associations are probably the most representative of the free
living forms of nitrogen-fixing systems in desert soils. Fuller et al. (1960)
identified many genera of algae obtained from desert soils as blue-green algae,
many of which are autotrophic both with respect to nitrogen as well as carbon.
Their ability to fix atmospheric nitrogen resulted in algae and lichen crusts
being four to five times as high in nitrogen as the soil below. This nitrogen
was shown to be available to plants. Mayland et al. (1966) found that semi-
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arid desert algae crusts fixed nitrogen rates of 0.18 and 0.11 kg of nitrogen
per hectare of crust surface per day under continuous wet and wet-dry cycling
conditions, respectively.

At study areas in the Nevada Test Site we have found the above ground
biomass of perennial plants to vary from around 1500 to 5000 kg per hectare
and the new annual photosynthetic production on these shrubs to vary from
around 200 to 800 kg per hectare. Since the primary production markedly
depends upon the seasonal supply of soil moisture, it varies widely from year
to year for both annual plants and perennial plants. We have observed the
standing crop of winter annuals to range from 50 to 300 kg per hectare at our
study sites. Beatley (1969) has reported biomass values for winter annual
plants ranging from 0 to 616 kg per hectare on undisturbed soils.

The total nitrogen content of desert soils generally is low. In bare areas
we have found the total nitrogen level in soil to vary from less than 0.01 to
0.08 per cent. Under shrub clumps the range is from less than O. 01 to O. 15
per cent and in rare instances we have detected levels up to 0.25 per cent in
zones of high organic matter deposition and nitrogen accumulation. The N03
nitrogen levels in soil are very low, ranging from 2 to 80 ppm. Fixed forms
of nitrogen on the soil colloids range within a factor of 10 higher than the levels
of N03-nitrogen. The highest levels of nitrogen are not always associated with
the higher concentrations of organic matter usually found in the upper horizons
of the soil profile. In many soil profiles we have found the nitrogen to be qUite
uniformly distributed, and zones of accumulation sometimes appear in the B
and C horizons especially under shrub clumps. This indicates that leaching of
nitrogen into the soil profile is of ecological significance in desert soils.

From our investigations of nitrogen in desert soils and vegetation, we can
make the following suppositions: (1) the standing crop contains about 2 per cent
nitrogen, (2) about 2 per cent of the nitrogen in soil organic matter could be
delivered to the vegetation per year, and (3) about 25 per cent of the total ni
trogen in the standing crop is needed for new annual growth. In an Artemisia
community in the Great Basin-type desert area, about 240 kg of nitrogen per
hectare was in the standing crop with an estimated 60 kg of nitrogen per hec
tare needed annually. The soil organic matter contained approximately 5,000
kg of nitrogen per hectare, and this could deliver around 100 kg of nitrogen
annually for plant growth. This represents one of the more fertile systems in
the desert ecosystem and probably reflects the nitrogen fixation reactions seen
in the Artemisia species. A less fertile system is represented by a Larrea
Franseria community in the Mojave Desert-type area in which the soil organic
matter contained approximately 1050 kg of nitrogen per hectare. The standing
crop contained about 45 kg of nitrogen per hectare and of this about 10 kg is
needed annually for new plant growth. Since the soil organic matter could sup
ply as much as about 21 kg of nitrogen per hectare, nitrogen would not be de
ficient nor would atmospheric nitrogen need be fixed to maintain balance on a
short-time basis. The input of nitrogen to soil from rainfall and from symbi
otic and free-living microbial endophytes, coupled with the sparsity of natural
vegetation and relatively high retention of nitrogen in the desert ecosystem,
all lead to an explanation for the apparent lack of nitrogen deficiency in desert
vegetation around well established shrub clumps. The implication is that soil
moisture rather than nitrogen is the most important factor limiting primary
productivity in this desert.



SYMBIOTIC NITROGEN FIXA TION 357

Summary

Some seasonal surveys were made to see if nitrogen fixation reactions
could be detected in the root zone of the desert vegetation by the acetylene re
duction method. Corroborative field studies also were made to determine the
response of desert vegetation to nitrogen fertilization with and without supple
mentary moisture (see page 349).

Root-soil samples from several different plant species showed positive
reactions which are presumed to primarily involve symbiotic microbial endo
phytes because of the sensitivity of the reaction to temperature and moisture
and its dependence upon the presence of plant roots. The following species of
nonleguminous plants gave positive reactions: Artemisia spinescens, Artemisia
tridentata, Hymenoclea salsola, and Tetradymia canescens of the Compositae
family; Coleogyne ramosissima of the Rosaceae family, Bromus rubens of the
Gramineae family; and Krameria parvifolia of the Krameriaceae family. Three
members of the Leguminosae family tested positive: Lupinus argenteus, Dalea
fremontii, and Astragalus lentiginosus. Lichens which were not identified
also tested positive.

Future studies are needed not only to identify the endophyte involved with
each species of higher plants which gave a positive reaction to the acetylene
reduction test, but also to develop quantitative information concerning the re
lative importance of each possible association. Further studies are even
needed to show effects of ionizing radiation on this component of the ecosystem.

The data serve to show that problems of biological availability of nitrogen
have been solved in nature for even very harsh environments.



SALT TOLERANCE OF SOME DESERT SHRUB SPECIES

Soil salinity is one of the more prominent edaphic factors which governs
the distribution of plant species in desert ecosystems. Its limiting effect may
result from the physiological intolerance of certain species to high levels of
salt or from the failure of seeds to germinate and seedlings to survive high salt
concentrations in soil (Chatterton and McKell, 1969; Gates et a!., 1956; Strog
onov, 1964; Ungar, 1962, 1966; Ungar et a!., 1969).

A series of glasshouse pot tests were run to evaluate the relative tolerance
of several different shrub species to increasing levels of salt in soil. These
tests, admittedly subjective, were conducted with 1 to 3 month-old seedlings
or rooted cuttings which were transplanted to soils with increasing levels of
soluble salts. The period of growth observation was 9 months. Different
levels of soil salinity were obtained by blending together varying amounts of a
non-saline soil collected from Frenchman Flat and a highly saline Panoche soil
collected near Bakersfield, California. Both soils were of similar texture and
clay content. The varied levels of soil salinity tested and the relative toler
ance of shrub species to these salinity levels are listed in Table l.

Under the conditions of these tests, the Atriplex canescens and Atriplex
hymenelytra species were the most salt tolerant. The Franseria dumosa,
Larrea divaricata, and Yucca schidigera species tolerated moderate levels of
soluble salts and they were slightly less sensitive than Artem_isia tridentata or

Table 1. Relative tolerance of desert shrub species to varied levels
of soil salinity derived from different blends of Frenchman
Flat and Panoche soils.

Plant species Blends of soil (Frenchman Flat and Panoche)

10FF/OP 8FF/2P 6FF/4P 4FF/6P 2FF/8P OFF/lOP

mmhos/cm at 250 C

0.20 6.92 12.47 17.81 21. 68 25.82

Tolerance evaluation
A. tridentata 1 3 4 5 5 5
A. spinescens 1 3 4 5 5 5
A. canescens 1 2 3 3 4 5
A. hymenelytra 1 2 3 3 4 5
Q. ramosissima 1 5 5 5 5 5
ll· fremontii 1 5 5 5 5 5
,E. viridis 1 5 5 5 5 5
X· dumosa 1 2 4 5 5 5
g. spinosa 1 5 5 5 5 5
b· divaricata 1 2 4 5 5 5
b· andersonii 1 5 5 5 5 5
X· schidigera 1 2 3 4 5 5

Salt-tolerance evaluation scale for 9-month growth period:
1 - Normal healthy growth and color.
2 - Visible inhibition of growth without color change.
3 - Marked growth reduction and color change.
4 - Serious damage but still alive after 9 months.
5 - Dead within first 3 months of test.
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Artemisia spinescens. The species most sensitive to salts were Coleogyne
ramosissima, Dalea fremontii, Ephedra viridis, Grayia spinosa, and Lycium
andersonii. An example of plant growth conditions after 90 days on treatment
is shown for~. canescens in Figure 1.

Figure 1. Response of Atriplex canescens grown 90 days on soil
with varied levels of soluble salts. The numbers on the pots are
the specific conductance (mmhos/cm at 25 0 C).

The mineral contents were determined for a set of samples from two rep
resentative species, ~. canescens (Table 2) and 1. divaricata (Table 3), har
vested 90 days after treatment. At this stage of growth only the 1. divaricata
growing at the highest salt level appeared to be dead. Some interesting cross
over patterns occurred among major nutrient elements in~. canescens. The
sodium and phosphorus levels in leaf tissue increased as the soil salinity was
increased while the potassium, calcium, and magnesium levels decreased. A
similar increase in sodium and phosphorus occurred in stem tissue but only
the potassium levels were reduced as soil salinity increased. In root tissue of
~. canescens, the sodium levels increased while the phosphorus, potassium,
calcium, and magnesium levels were decreased. The increased soil salinity
levels also caused a reduction of the zinc and manganese levels in leaf tissue
and of the manganese levels in root tissue of~. canescens.

In 1. divaricata plants the sodium levels were increased in leaf, stem, and
root tissues with an accompanying decrease in the potassium levels of these
tissues. There was, however, no significant change in the phosphorus, potas
sium, calcium, and magnesium levels in leaf, stem, and root tissues of 1. di
varicata with increased levels of soil salinity as was the case for~. canescens.
The zinc and manganese levels did, however, follow a pattern of reduction with
increased salinity similar to that which occurred in~. canescens.

The tendency for increased content of sodium in plant parts seemed to be
associated with increased anion contents, namely phosphorus and boron. Sim
ilar increases could be expected for chlorine, sulfur, and nitrogen which were
not measured.
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362 DESERT PLANT ECOLOGY

Summary

Several different perennial plant species were tested for salt tolerance
by growing seedlings and rooted cuttings for 9 months on soils with increasing
levels of salinity. Only Atriplex canescens and Atriplex hymenelytra survived
very high salinity conditions and these plants did not grow well at salt concen
trations producing conductivity levels above 12.45 mmhos/cm at 25° C.
Species that seemed to tolerate moderate levels of salinity included Franseria
dumosa, Larrea divaricata, and Yucca schidigeraj these shrubs did not grow
well at EC25a C- levels above 6. 92 mmhos/cm. The Artemisia tridentata
and Artemisia spinescens species were salt sensitive but not nearly so much
as the highly sensitive species Coleogyne ramosissima, Dalea fremontii,
Ephedra viridis, Grayia spinosa, and Lycium andersonii.



MINERAL ELEMENT CONTENT OF SOME

NORTHERN MOJAVE DESERT PLANTS

Among the objectives of our research program are studies of the distribu
tion and interrelationship of mineral elements in desert yegetation. To assist
in these studies, advantage was taken of an emission spectrometric analytical
system which requires little sample preparation, is simple to operate, and is
capable of determining some 20 elements commonly observed in plant tissue.
Multielement analysis of plant samples offers several distinct advantages over
single element analysis, one of which permits an evaluation of how those ele
ments known to be essential for plant growth interact with one another and with
non-essential elements also found in plant tissue.

Materials and Methods

The analytical system in use was assembled by George V. Alexander. Es
sentially this system involves an Applied Research Laboratories 1. 5 m, direct
reading emission spectrometer modified and interfaced with an IBM 026 key
punch using a Dymec 2013D Data Acquisition System to permit the signal inten
sity to be transferred to punch cards for final processing. The computer pro
grams used to carry out the calculations needed to calibrate the system for
analysis and also to convert signal intensity levels to concentration values are
run on the UCLA IBM 360/91 computer.

Plant samples were collected from study areas at the Nevada Test Site.
Oven dried samples were processed for spectrometric analysis by methods
developed by Alexander and Romney. Briefly, this involves grinding plant tis
sue in a plastic container using the No. 5000 mixer/mill manufactured by Spex
Industries, Inc. This mixer/mill is a high speed impact shaker in which a
lucite plastic pellet pulverizes plant material inside a polystyrene vial. The
sample is free from contact with metal surfaces during the grinding process.
Weighed amounts of dry, powdered tissue varying from 5 to 10 mg are placed
in crater electrodes for analysis. A very carefully designed electrode system
serves to reproducibly volatilize and excite the sample and thus eliminate the
need for an internal standard. One of the advanced features of this technique
is the development of a method for determining the background values of the
carbon arc in order to arrive at true line intensity.

In addition to converting signal intensity levels to concentration values,
the computer program also calls for some statistical evaluation of the data.
Included are calculations of the mean and standard deviation, the median and
the Pearsonian measure of the amount of skewness present in the frequency
distribution of a sample population. This latter measure of skewness is calcu
lated by the method described by Croxton (1959, p. 93-95). Figure 1 is a
computer-plotted histogram illustrating the frequency distribution of the calci
um content of Grayia spinosa leaves collected from the Nevada Test Site.

Results and Discussion

Considerable data on the mineral element content of plant samples are pre
sented elsewhere in this report. Tables 1 to 5 include data on the mineral con
tents found in leaves and stems of five prominent shrub species sampled from
the Nevada Test Site. Some interesting differences occur among these species.
For example, the leaves of Franseria dumosa tend to accumulate more phos
phorus, boron, aluminum, and lithium than do leaves of the other species.
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RELATIVE FREQUENCY

Grayia spinosa leaves accumulate very high levels of potassium. The leaves
of Larrea divaricata generally contain lower levels of sodium, potassium, and
calcium than are found in leaves of the other shrub species. The two Lycium
species show marked differences in some mineral element contents. Lycium
andersonii leaves are notably low in sodium and high in calcium while Lycium
pallidum leaves are high in sodium and lower in calcium contents.

Table 6 contains data on the mineral contents in mixed desert grasses and
annual plants. The compositing of data was done by computer calculations to
reflect the mineral element composition in the forage diet of grazing animals.
Species included in the mixed grasses are Bromus rubens, Festuca octoflora,
Hilaria jamesii, Sitanion hystrix, and Stipa speciosa. Included in the annual
species are Encelia virginensis, Stephanomeria pauciflora, Phacelia fremontii,
Phacelia vallis-mortae, Oenothera primiveris, Eriogonum inflatum and Ceano
thus greggii.

The distribution of mineral elements in leaves of F. dumosa and L. ander
sonii collected from different areas of the Nevada TestSite is shown in Table
7:"""Some differences in element content occur among samples collected from
different areas, but a more interesting feature of these data is the lack of
marked changes in the mineral element composition of plants grown in differ
ent areas. Part of this is due to the fact that none of the elements measured
are deficient in the soils of these areas with respect to meeting the needs of
existing vegetation.



Table 1. Mineral element composition of Franseria dumosa shrubs
sampled from the Nevada Test Site.

Concentration of element in oven-dry tissue

Franseria dumosa leaves Franseria dumosa stems

Element N. Mean S.D. Sk. N. Mean S.D. Sk.

P, % 264 0.367 0.111 0.267 318 0.154 0.069 0.593

Na, % 248 0.097 0.071 0.456 314 0.133 0.136 0.962

K, % 270 3.590 1. 076 -0.116 323 2.905 0.928 -0.248

Ca, % 266 3.131 0.831 0.237 317 1. 601 0.421 0.346

Mg, % 263 0.545 0.120 0.229 323 0.392 0.105 0.065

Si, % 270 0.348 0.153 0.487 313 0.106 0.081 0.822

Zn, ppm 174 33.7 17.0 -0.518 245 23.4 11. 7 -0.251

Cu, ppm 268 11. 6 7.6 0.886 309 10.8 7.8 0.930

Fe, ppm 269 366.4 141. 6 0.295 309 140.7 88.3 0.800

Mn, ppm 258 47.2 21.3 0.743 309 29.7 16.3 0.567

B, ppm 262 178.6 65.1 0.476 316 46.0 19.5 0.733

AI, ppm 269 681.5 317.9 0.346 320 223.7 155.3 0.672

Mo, ppm 251 2.3 0.8 0.823 170 1.5 0.8 1.382

Sn, ppm 130 3.1 1.6 0.483 137 3.0 1.8 0.609

Cr, ppm 109 4.0 4.2 1.175 83 11. 7 8.4 0.992

Sr, ppm 254 162.1 99.8 0.566 308 126.7 57.1 0.129

Ba, ppm 264 19.7 10.8 0.528 317 24.7 10.6 0.237

Li, ppm 30 106.0 16.0 1.487

Ag, ppm 123 1.4 0.9 0.681

Pb, ppm 63 4.6 3.4 0.671 61 6.7 6.5 0.948

N = 270 N = 324

N = number of observations with a value greater than the lower detection limit

and within 3 S. D. of the mean; S. D. = standard deviation; Sk. = skewness.
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Table 2. Mineral element composition of Grayia spinosa' shrubs sampled
from the Nevada Test Site.

Concentration of element in oven-dry tissue

Grayia spinosa leaves Grayia spinosa stems

Element N. Mean S.D. Sk. N. Mean S.D. Sk.

P, % 225 0.186 0.094 0.466 275 0.124 0.052 0.179

Na, % 206 0.143 0.184 1.156 252 0.027 0.033 1.095

K, % 231 8.920 2.510 0.311 273 2.783 1. 257 -0.345

Ca, % 225 2.092 0.961 0.389 269 1.366 0.544 0.426

Mg, % 229 1.073 0.247 0.678 280 0.341 0.113 0.205

Si, % 232 0.128 0.085 0.919 250 0.044 0.025 0.653

Zn, ppm 155 27.6 14.8 -0.254 212 19.6 10.2 0.197

Cu, ppm 221 7.9 4.0 0.649 264 7.8 4.4 0.651

Fe, ppm 225 171. 0 67.3 0.571 265 72.4 37.6 0.314

Mn, ppm 228 106.4 39.5 0.378 271 29.8 15.7 0.610

B, ppm 232 50.4 18.1 0.395 269 24.2 9.3 -0.256

AI, ppm 224 226.9 128.5 0.277 263 90.7 65.0 0.734

Mo, ppm 227 3.4 1.4 0.475 67 1.5 0.5 0.844

Sn, ppm 166 5.6 3.1 0.242 112 2.8 2.1 1.314

Cr, ppm 62 9.8 12.4 1.871 44 10.3 7.0 0.643

Sr, ppm 218 76.5 39.1 0.340 267 85.9 32.9 -0.189

Ba, ppm 223 12.4 5.5 0.820 273 14.2 6.2 0.527

Li, ppm 40 6.8 2.7 1.325

Ag, ppm 120 1.4 1.1 0.784 157 0.7 0.3 0.370

Pb, ppm 99 13.5 8.8 0.881 27 6.6 5.9 1.216

N =234 N =280

N =number of observations with a value greater than the lower detection limit

and within 3 S. D. of the mean; S. D. = standard deviation; Sk. = skewness.
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Table 3. Mineral element composition of Larrea divaricata shrubs
sampled from the Nevada Test Site.

Concentration of element in oven-dry tissue

Larrea divaricata leaves Larrea divaricata stems

Element N. Mean S.D. Sk. N. Mean S.D. Sk.

P, % 272 0.215 0.082 0.018 246 0.168 0.066 0.090

Na, % 257 0.062 0.054 0.910 246 0.062 0.055 0.811

K, % 280 1. 904 0.514 -0.158 266 1. 607 0.493 -0.275

Ca, % 279 1.517 0.416 -0.246 261 1.209 0.358 0.144

Mg, % 2~0 0.242 0.074 0.400 264 0.248 0.078 0.348

Si, % 274 0.385 0.225 0.888 262 0.467 0.281 0.619

Zn, ppm 209 22.1 10.7 -0.101 198 18.8 8.7 -0.050

Cu, ppm 262 8.8 7.4 1.115 255 9.4 7.0 1.194

Fe, ppm 275 420.7 207.7 1. 044 263 515.0 259.2 0.373

Mn, ppm 275 47.9 23.1 0.889 262 35.4 18.6 0.907

B, ppm 280 105.8 47.2 0.872 246 39.4 10.8 0.125

AI, ppm 273 630.4 364.7 0.958 262 717.7 387.3 0.455

Mo, ppm 209 1.7 0.7 0.914 114 1.7 0.7 0.482

Sn, ppm 70 2.1 1.1 1. 381 86 2.8 1.5 1. 031

Cr, ppm 106 8.7 11.8 1. 596 99 3.5 2.9 1. 243

Sr, ppm 272 105.9 54.9 0.247 256 115.9 55.5 0.077

Ba, ppm 269 17.6 8.9 0.996 256 24.9 12.5 0.778

Li, ppm 3 5.1 1.4 -0.478 2 4.4 1.9 0.000

Ag, ppm 106 0.9 0.7 0.718 100 1.1 0.8 1.320

Pb, ppm 63 6.8 5.2 -0.086 71 8.0 5.7 0.645

N = 282 N = 266

N = number of observations with a value greater than the lower detection limit

and within 3 S. D.~{ the mean; S. D. = standard deviation; Sk. = skewness.
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Table 4. Mineral element composition of Lycium andersonii shrubs
sampled from the Nevada Test Site.

Concentration of element in oven dry tissue

Lycium andersonii leaves Lycium andersonii stems

Element N. Mean S.D. Sk. N. Mean S.D. Sk.

P, % 239 0.131 0.066 -0.054 302 0.129 0.047 -0.041

Na, % 259 0.053 0.064 1.291 273 0.030 0.038 1.209

K, % 280 4.352 1.357 0.246 302 1.488 0.684 0.084

Ca, % 280 6.916 1. 966 0.423 295 2.00 0.627 0.098

Mg, % 278 1. 050 0.302 0.167 302 0.259 0.099 0.368

Si, % 263 0.125 0.068 0.860 257 0.055 0.034 0.452

Zn, ppm 151 53.5 22.8 -0.174 232 24.7 12.4 -0.304

Cu, ppm 264 8.2 5.8 1.191 296 11. 7 7.8 0.413

Fe, ppm 264 175.0 65.2 0.801 284 95.4 60.5 0.739

Mn, ppm 273 39.8 20.9 0.606 302 13.6 7.7 0.827

B, ppm 278 83.4 23.7 0.329 294 24.3 12.6 0.594

AI, ppm 263 265.4 126.6 0.793 286 143.3 114.8 0.816

Mo, ppm 278 6.5 2.9 0.272 158 1.6 0.6 0.917

Sn, ppm 81 3.9 2.6 0.193 141 3.9 3.2 0.994

Cr, ppm 125 9.7 11. 2 1.562 79 10.5 9.7 1.150

Sr, ppm 198 291. 9 214.5 1. 074 293 151.1 71. 9 -0.059

Ba, ppm 274 34.7 20.1 1. 049 297 14.3 6.2 0.559

Li, ppm 222 4.4 3.2 0.566 6 17.7 15.1 0.779

Ag, ppm 106 2.6 1.3 -0.334 155 0.8 0.4 0.492

Pb, ppm 39 12.1 8.8 -0.159 64 9.1 6.4 0.428

N = 28_1 N = 306

N = number of observations with a value greater than the lower detection limit

and within 3 S. D. of the mean; S. D. = standard deviation; Sk. = skewness.
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Table 5. Mineral element composition of Lycium pallidum shrubs
sampled from the Nevada Test Site.

Concentration of element in oven-dry tissue

Lycium pallidum leaves Lycium pallidum stems

Element N. Mean S.D. Sk. N Mean S.D. Sk.

P, % 34 0.181 0.086 0.248 32 0.137 0.054 0.327

Na, % 36 0.955 0.782 0.410 31 0.049 0.047 -0.113

K, % 37 3.774 1.424 0.198 32 2.097 1. 082 0.226

Ca, % 37 3.075 1.452 -0.004 32 1. 731 0.808 0.581

Mg, % 35 1.251 0.271 0.300 29 0.313 0.075 0.421

Si, % 36 0.108 0.046 -0.513 29 0.045 0.025 0.487

Zn, ppm 24 31. 6 13.0 0.130 22 24.0 10.7 -0.183

Cu, ppm 37 7.5 6.4 1.274 29 6.6 4.6 1. 061

Fe, ppm 37 188.5 72.9 0.516 32 76.3 43.8 -0.065

Mn, ppm 36 101. 6 46.3 -0.215 32 13.2 8.3 1. 019

E, ppm 36 63.9 12.7 0.340 32 22.9 9.9 0.335

AI, ppm 37 231.6 118.5 -0.136 32 96.8 68.6 0.192

Mo, ppm 37 7.7 2.2 -0.158 23 2.7 1.5 0.961

Sn, ppm 22 4.2 2.2 0.002 15 2.3 1.1 -1. 052

Cr, ppm 11 5.0 3.4 -0.047 4 2.1 0.8 0.000

Sr, ppm 36 268.5 441. 7 1.203 32 237.2 390.5 1.248

Ea, ppm 35 17.5 10.9 0.777 30 11.3 4.7 0.646

Li, ppm 31 34.7 18.0 0.036 1 4.6 0.0 0.000

Ag, ppm 8 1.2 1.0 0.465 9 0.9 0.8 1.098

Pb, ppm 6 5.4 6.1 1. 689

N = 37 N = 32

N = number of observations with a value greater than the lower detection limit

and within 3 S. D. of the mean; S. D. = standard deviation; Sk. = skewness.
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Table 6. Mineral element composition of mixed desert grasses and
mixed desert annuals sampled from the Nevada Test Site.

Concentration of element in oven-dry tissue

Mixed desert grasses Mixed desert annuals

Element N. Mean S.D. Sk. N. Mean S.D. Sk.

P, % 130 0.146 0.064 -0.033 50 0.312 0.192 0.885

Na, % 113 0.014 0.012 0.841 50 0.100 0.153 1.103

K, % 133 1.662 0.797 -0.379 52 3.103 1.571 0.429

Ca, % 136 0.389 0.256 0.181 52 1. 530 0.799 -0.149

Mg, % 136 0.179 0.069 0.022 52 0.472 0.314 0.021

Si, % 139 1.421 0.561 -0.513 50 0.436 0.437 1.526

Zn, ppm 94 16.3 7.2 0.374 25 159.1 265.0 1.546

Cu, ppm 125 9.9 9.9 0.806 50 11.2 7.6 1. 013

Fe, ppm 135 160.2 117.5 0.321 51 440.7 398.9 1. 035

Mn, ppm 139 96.6 56.6 0.665 50 64.9 43.6 0.427

B, ppm 136 35.4 24.2 0.619 50 64.1 28.4 -0.253

AI, ppm 137 158.1 155.4 0.892 52 784.5 832.5 1. 045

Mo, ppm 102 2.1 1.0 0.098 42 3.3 1.2 -0.047

Sn, ppm 35 2.9 1.5 0.763 42 4.1 2.0 -0.363

Cr, ppm 36 3.9 2.4 0.598

Sr, ppm 122 62.0 76.6 0.413 52 488.3 501.4 1. 880

Ba, ppm 128 20.9 12.9 0.318 52 78.5 47.6 -0.829

Li, ppm 2 5.3 0.0 0.000 2 3.4 0.0 0.000

Ag, ppm 48 0.5 0.4 1.053 24 1.7 1.6 0.665

Pb, ppm 36 5.9 5.2 1. 693 10 3.9 1.1 2.062

N = 139 N = 52

N = number of observations with a value greater than the lower detection limit

and within 3 S. D. of the mean; S. D. = standard deviation; Sk. = skewness.
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372 DESERT PLANT ECOLOGY

Summary

Advantage was taken of an emission spectrometric analytical system to
assist in studies of the distribution and interrelationship of mineral elements
in desert vegetation. This system is capable of determining in each sample
some 20 elements commonly observed in plants. It permits an evaluation of
the interaction among essential and nonessential elements in plant tissue.

Tabulated herein are data on mineral element composition of oven-dry
tissue samples for five prominent shrub species and some mixed grasses and
annual plants collected from the Nevada Test Site.



STABLE CESIUM ANALYSES BY NEUTRON ACTIVATION

OF PLANTS FROM THE NEVADA TEST SITE

Cesium contents of leaves were determined for several species of plants
collected from the Nevada Test Site by a neutron-activation analysis technique
(Table 1). The concentrations of stable cesium varied from 30 to 372 nano
grams per gram dry weight. The cesium values were unrelated to the potas
sium and sodium contents. The correlation coefficients of Cs X Fe, Cs X Ti,
and Cs X Al respectively were to. 833, to.950, and +0.738. It is not known
how much of this high degree of correlation may be related to external contam
ination but the leaves were carefully sampled.

Table 1. Contents of cesium and other elements in leaves of several
plant species collected from the Nevada Test Site.

Na K Ca

%of dry weight

39

67

59

41

40

51

65

42

30

142

372

128

110

Cs
Nano
grams
/gram

34

Fe Mn Al Ti

ppm of dry weight

227 81 381 13

449 63 969 39

259 185 402 18

540 246 951 94

276 60 332 16

176 112 279 12

340 182 685 26

177 107 179 11

142 116 164 4

146 245 188 11

166 170 286 10

140 185 99 2

117 73 183 8

129 99 191 6

.19

.19

.58

.19

.24

.09

.66

.11

.10

.54

.09

.14

.15

Si

1. 310.49

2.05

1. 47

2.92

2.87

2.87

3.04

1. 36

1. 97

1. 52

1. 67

5.86

1. 98

1.17

4.44

2.28

1. 96

2.07

2.72

2.86

3.25

4.72

1. 54

3.04

3.04

3.25

13.41

10.68

.10

.10

.039

.48

.96

.027

.088

.081

.022

7.52

Sample

L. andersonii
- from Rock Valley 2.39
1.. pallidum

from Rock Valley
A. tridentata
-from Yucca Mtn
4· ~pinescens 11

from Frenchman Flat'
A. canescens
-from 40-mi Canyon .97
A. confertifolia
-from Rock Valley
Q. spinosa

from Rock Valley
L. divaricata
-from Rock Valley
F. dumosa
-from Rock Valley
~. parvifolia

from Rock Valley
Q. ramosissima

from Yucca Mtn.
:§. virginensis

from 40-mi Canyon .074
Q. hymenoides

from Rock Valley
E. lanata
-from Rock Valley

To determine the effect of a cesium application to soil on the ability of
plants to accumulate cesium from the soil, an experiment was conducted in
which 0, 10, 40, or 100 parts cesium per million parts soil as CsCI salt
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374 DESERT PLANT ECOLOGY

were carefully mixed with the soil collected from near the study plots
at Mercury on the Nevada Test Site. Atriplex canescens cuttings were grown
in the soil for 70 days in triplicate. Leaf samples were taken and assayed for
stable cesium by neutrqn activation. The mean coefficient of variation of the
triplicate samples was 8.6%. The mean contents in the leaves for the 0, 10,
40, and 100 parts per million application rate were 0.0279, 0.580, 5.15, and
24.0 ppm of dry weight, respe(ltively. Although the uptake was consistent and
measurable, it was only about 1/100 to 1/500 of what could be expected for an
equivalent potassium application. It is known that cesium is much less avail
able from soil than is potassium (Nishita et al., 1965).

EFFECT OF WASHING ON MINERAL COMPOSITION OF LEAVES OF

ATRIPLEX SPECIES GROWN AT DIFFERENT SODIUM LEVELS

Three. Atriplex species, A.. canescens, A.. confertifolia, and A.. hymenely
tra, growing in soil were watered two or three times a week for 6 weeks. One
set of plants received water only while another set received water containing
NaCl (approx 200 ml of water containing 40 me per liter NaCl). (The plants
were growing in containers of from 400 g to 1200 g of soil). The plants which
received the NaCl are assumed to be "high sodium plants" while the ones which
did not receive NaCl are assumed to be "low sodium plants. "

After 6 weeks (15 Jan. to 25 Feb. 1970) the leaves of the plants were col
lected, divided into three groups and each group was given a different washing
treatment (no wash, slight wash, or extensive wash). The leaves were then
oven-dried and prepared for analyses by emission spectography.

Experimental Results

Data are given in Table L Only in the case of iron of the essential ele
ments was there a consistent decrease in leaf content with washing. In general
aluminum and silicon contents were also decreased by washing. Even though
there was large quantities of sodium in leaves of the species, it was not washed
from the leaves by the treatments. Even though the sodium is probably com
partmented in salt glands it was not available to the washing solution.

These results indicate that extremely serious errors are not likely for
failure to wash leaves collected from the field. This is particularly so for
newly developed leaves. There are places and times of the year when dust is
very prevalent on foliage; we always tried to avoid collecting such plant ma
terial.
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CYCLING OF STABLE CESIUM IN A DESERT ECOSYSTEM

Introduction

The cycling in ecosystems of radiocesium, particularly of 137Cs, is of
vital importance in that many food chains which extend to man result in concen
tration of 137Cs which in turn could be dangerous to man if the tolerance level
is exceeded. Insufficient information is known about the role of stable cesium
in the cycling of 137Cs (Nishita et al., 1960, 1965). The major purposes of
this paper are to report the levels of stable cesium in various compartments
of a desert ecosystem and to estimate the importance of its role in 13 7Cs cy
cling.

Materials and Methods

Stable cesium was assayed by neutron activation analysis. The neutron
activation techniques employed in this study were similar to those outlined by
Bowen and Gibbons (1963). The solubilization of the samples and the final de
termination of the induced 134Cs was done using methods outlined by Harley
et al. (1970).

Duplicate plant and insect samples were run when sufficient material was
available. All soil samples were run at least in triplicate. Triplicate com
parator plant samples were run with each set of unknown (set contained 16
samples plus three comparators). All counting was done using a Beckman
wide-beta counting system.

Stable potassium in soils was assayed for by counting 40K by gamma-ray
spectrometry. Mineral elements in biological samples were assayed with an
emission spectrograph (unpublished methods of Alexander and Romney).

The samples of soils, plants, and animals were obtained from the Rock
Valley area of the Nevada Test Site in 1969 and 1970. The area is an example
of the northern part of the Mojave Desert.

Results and Discussion

The analyses for stable cesium and potassium in various components of
the northern Mojave Desert ecosystem are in Table 1. The cesium content of
soils varied around 4 micrograms per g of soil but that of the biological mate
rials was mostly less than 100 nanograms per g of dry weight. The relatively
high level in certain arthropods was very likely related to the presence of soil
in the digestive organs of ground-dwelling species. The average potassium
per cesium ratio in soil was 5400. The mean uf the ratios for 64 samples of
plant leaves was 675,000 with 285,000 for reptiles and 181,000 for mammals.
The fact that the ratio was much more narrow for soil than for the biota is
probably illustrative of the unavailable nature of soil cesium to plants (Gissel
Nielsen and Andersen, 1967; Hanson, 1967; Nishita et al., 1960, 1968). A
fraction of it, however, does enter into biological cycling (Table 2).

The relationship between potassium and cesium in various compartments
appears to be irregular (Table 1). There was a strong positive relationship
between the amounts of cesium and potassium in soil. This is further empha
sized in the distribution of potassium and cesium in the soil profile (Table 3).
There was insufficient concentration of 137Cs to contribute to the total amount
present (Table 3). In contrast to the strong positive relationship between cesi
um and potassium in soil, there was a strong negative relationship between
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Table 1. Contents of stable cesium and potassium in leaves of various
plants and il). other compartments of a desert ecosystem (dry
weight basis).

Material No of Cs
samples

nanograms/g

K

%

K/cs CsXK

1000's r
ratio

5.4-.715

Larrea divaricata leaves 12
FraIlSeria dumosa leaves 10
Lycium andersOriii leaves 10
Krameria parvifolia leaves 4
Lycium pallidum leaves 4
Coleogyne ramosissima leaves 4
Eurotia lanata leaves 9
Grayia spinosa leaves 11
All leaves 64
Reptiles 1
Mammals 9
Insects 8
Other arthropods 3
Soils 25

± values are the standard deviations.

79.7±33.2
73.7 ± 34.5
57.4±38.8
25.8 ± 14.0
54.0 ± 10.8
74.9±32.1

103.4 ± 44.2
50.6±25.8
68.3 ± 37.3
40.4
50.9 ± 23.7
67.0±31.3

503.0±234.8
4158.0±293

2.04 ± 0.74 256
4.62 ± 1. 06 626
4.85 ± 1.41 845
2.96 ± 0.99 1147
4.41 ± 0.98 817
1. 28 ± 0.06 171
4.07±2.36 394
9.51 ± 2.33 1879
4.61±2.93 675
1.15 285
0.92 ± 0.13 181

2.23 ± 0.49

-.402
+.548
+.368
-.133
-.910
-.323
-.347
+.180
-.176

-.784

Table 2. Estimate of the amounts of stable cesium in a desert ecosystem
entering into the biological cycle.

Compartment

Soil (60 cm)
Exchangeable cation (60 cm)
Plants
Arthropods
Reptiles
Mammals

Compartment Cs Cs
size

kg/ha g/ha
Fraction of

total

9.0 X 106 37,200 1.0
13.5 X 103 1,500 0.04

3000 0.21 0.56 X 10- 5

1.0 0.00019 0.51 X 10-8

0.4 0.000016 0.43 X 10- 9

0.6 0.000031 0.83 X 10- 9

Table 3. Potassium, cesium, and 137Cs contents in soil profiles from
Rock Valley area of the Nevada Test Site.

K, mg/g soil
Cs fJ/g soil
137Cs, pc/g soil

A horizons

25.68 ± 4.45
4.35 ± 0.22
0.283 ± 0.044

C horizons

18.83 ± 3.30
3.96 ± 0.03
0.055 ± 0.028
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cesium and potassium in the mammals. The average correlation coefficient
for plants was slightly negative but positive relationships were indicated for
some species and negative relationships for others (Table 1). This may indi
cate the operation of different types of mechanisms in various species. Potas
sium did not seem to compete with cesium for transport in the mammals. This
conclusion is based on the observation that the potassium per cesium ratio is
narrower in mammals than in plants. If it were wider than for plants, one
could have concluded that the mammal tissues could selectively transport po
tassium in preference to cesium. The process, however, seemed to be con
centration rather than dilution. All mammals studied were herbivores.

To determine the effect of a stable cesium application to soil on the ability
of plants to accumulate it from the soil, an experiment was conducted in which
0, 5, 20, or 50 ppm cesium as CsCI was mixed with soil collected from the
Nevada Test Site. Atriplex canescens cu.ftings in triplicate containers were
grown in the soil for 70 days. Leaf samples were taken and assayed for stable
cesium by neutron activation. The mean coefficient of variation of the tripli
cate samples was 8.6%. The mean contents in the leaves for the 0, 5, 20, and
50 ppm application rates were 0.0279, 0.58, 5.15, and 24.0 ppm of dry weight,
respectively. Although the uptake was consistent and measurable, it was only
about 1/400 of what could be expected for an equivalent potassium application.
A rate of potassium application of 50 ppm in soil would increase potassium
contents around 1% or more of dry weight in the~. canescens plants. This
would be a potassium per cesium for the increased uptake of around 2 million.
The average potassium per cesium for all plants in Table 1 was 645,000. Itis
known that cesium is much less available from soil than is potassium (Nishita
et al., 1965). The recently applied cesium was evidently available in about
the same magnitude as was the original soil cesium.

It is quite apparent then that the availability via plant roots and cycling of
137Cs in ecosystems will be related to the supply of stable cesium in the soil.
In some cases dilution could be expected and in other cases concentration could
be expected (Nishita et al., 1960, 1962) depending upon the native soil supply.

Summary

Contents of stable cesium in several compartments of desert ecosystems
represented at the Nevada Test Site have been determined by neutron activation.
Potassium in the same compartments has also been determined and Cs:K dis
crimination under natural conditions has been evaluated. From compartment
sizes some estimates have been made of the rates of cesium cycling through
the systems. The rates were low but the stable cesium was circulating. Com
partments studied include soil, several different plant species, arthropods,
reptiles and mammals. The contents of cesium within compartments were in
the nanogram per g of dry weight range. There appeared to be a progressive
narrowing of the potassium per cesium ratio going from plants to reptiles and
mammals. The addition of stable cesium as CsCl to a soil obtained from the
Nevada Test Site resulted in leaf contents in Atriplex canescens of 0.0279,
5.15, and 24.0 ppm per g of dry weight for application rates of 0, 5, 20, and
50 ppm respectively. The applied cesium was slightly more available than
was the original soil cesium. One must conclude that stable cesium will have
an influence in the cycling of 137Cs.



ACCUMULATION OF LEAD IN ROADSIDE VEGETATION

OF MAJOR HIGHWAYS IN SOUTHERN NEVADA

The tetra-ethyl lead additives in vehicle fuels have resulted in a general
increase in the lead content of the environment near heavily traveled highway
networks and in urban areas. Prince (1957) reported that lead contents of soil
near highways in New Jersey ranged between 14 and 96 ppm. During studies
to investigate possible correlations between anomalous lead in soils and plants
and several diseases in England and Canada, Warren and Delavault (1960) de
tected the presence of lead in vegetation growing near majdr highways. Cannon
and Bowles (1962) reported the results of a cooperative study by the U.S.
Geological Survey and the U. S. Public Health Service. Washed grass near
Denver contained as much as 3000 ppm lead (in ash) near major highway inter
sections, and less than 50 ppm in samples collected 150 meters downwind of
the roadway. Vegetables grown within 8 meters of the roadway in upstate New
York and in Maryland averaged 80 to 115 ppm lead on the dry weight basis.
Singer and Hanson (1969) found that the soil adjacent to 12 highways in the
Minneapolis-St Paul metropolitan area had lead accumulations in the range of
128 to 700 ppm. Most of the lead was deposited within 15 meters from the
highways studied.

Chow (1970) studied samples of soil and grass along U.S. Highway 1 near
the U.S. Department of Agriculture Plant Industry Station in Beltsville, Mary
land and the Baltimore-Washington Parkway at Blandensburg, Maryland. The
lead content of the U. S. Highway 1 soil was as much as 403 ppm in the top 5
cm layer and decreased to 60 ppm at 10 to 15 cm depth. The Baltimore
Washington Parkway soil contained 122 and 9 ppm at the corresponding depths.
Concentrations of lead in the grasses along these two roads ranged from 20 to
60 ppm (dry tissue). Ault et al. (1970) reported on a detailed study of lead in
the environment using the Pb 206/Pb 204 isotopic composition as a natural
tracer of lead. Their findings are similar to earlier reports on the lead con
tamination of soil and vegetation near heavily traveled highways. Beyond 150
meters from the roadways there was no pronounced deposition of lead additives
on soil or vegetation from vehicle fuels.

According to Hammond and Aronson (1964) most of the lead from gasoline
exhausts is deposited as the highly soluble chlorobromide. However, as Singer
and Hanson (1969) indicate, the lead in this chemical form probably reacts with
many of the anions and organic and clay complexes present in soils, and thus
does not remain in a soluble form. Soluble forms of lead could, however, be
incorporated into plants by foliar absorption, thus increasing the levels beyond
that which normally would be absorbed via roots from soil. Koeppe and Miller
(1970) estimate that each year motor vehicles in the United States liberate ap
proximately 225 x 106 kg of particulate lead into the atmosphere. About 50 per
cent of this lead is deposited within 30 meters of the roadways and the remain
der is scattered over larger areas. Lead accumulation in soils near roads
varies with traffic volume and decreases rapidly with distance from the road.
In studies of lead effects on corn mitochondrial respiration, Koeppe and Miller
(1970) concluded that plants which contain high concentrations of lead are un
likely to be affected by these concentrations due to the precipitation of the lead
if sufficient phosphate is present. They further suggest, however, that when
effectively high concentrations of lead are reached in our environment, there
could be a quick and dramatic reduction in plant growth under conditions of
phosphate deficiency.
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Marten and Hammond (1966) found that the addition of chelates to soils re
sulted in a distinct rise in lead concentrations in bromegrass. Of most prac
tical significance, however, was the fact that even the greatest lead concentra
tion (34.5 ppm) was far below the level which would be toxic to animals con
suming the grass; at least 150 ppm lead in the total ration dry matter is needed
to approach levels observed to be toxic to cattle and horses.

Experimental Results

The highway system converging on the southern entrance to the Nevada
Test Site offered an excellent opportunity to investigate the degree to which
lead contamination from vehicle fuel might be observed on desert vegetation.
The U. S. Highway 95 between Las Vegas and Mercury, Nevada is a two-lane
divided highway very heavily traveled by commuting workers. Much of the
traffic is by diesel-powered busses but several hundred more gasoline-powered
vehicles travel the route each day compared to those which travel beyond
Mercury to points north and west of the Test Site.

During the 6-month period preceding the collection of vegetation samples,
the average daily traffic on U. S. Highway 95 between Las Vegas and Mercury,
Nevada, was 3,500 vehicles compared to a daily average of 960 vehicles travel
ing the section of this highway north from Mercury toward Tonopah, Nevada.
These data are based upon information from portable traffic recorder stations
supplied by the State of Nevada Department of Highways.

Samples of plant foliage, primarily Larrea divaricata, were collected at
various points alongside the roadway of U. S. Highway 95 and at field study
sites far removed from vehicle traffic. The first samplings were collected in
January 1969 at which time most of the plant foliage had been on the shrubs for
at least nine months. A second sampling was made in June after the new
spring foliage had emerged. Samples of dry plant tissues were analyzed for
lead content by emission spectrograph and the results are shown in Figure 1
Foliage samples collected in January alongside the heavily traveled route be
tween Las Vegas and Mercury contained from 88 to 173 ppm lead (dry tissue
basis). Samples from the section of U. S. Highway 95 extending northwest to
Beatty, Nevada contained from 14 to 63 ppm lead. Samples of plant foliage
from field study sites far removed from vehicle traffic contained from 4 to 12
ppm lead. We have not analyzed soil samples for lead content at the sampling
sites. We assume that the natural variation in stable lead content could not
account for the differences observed and that the higher levels of lead repre
sent deposition from vehicle exhausts. These effects also were apparent in
plant foliage sampled in June even though the exposure period on the new foli
age was about one-third of the exposure that period plant foliage would receive
when sampled in January. The 1. divaricata shrubs sampled are character
istically evergreen, but their heaviest leaf drop occurs in the early spring just
before the new leaf flush develops. The leaf surface has a sticky resin which
traps considerable dust. We believe this accounts for the higher levels of lead
on foliage sampled in January at the field study sites compared to foLIage sam
pled in June.

Summary

Tetra-ethyl lead additives in vehicle fuel have been shown by several in
vestigators to contaminate the soil and vegetation alongside roadway networks
and urban areas. The portion of u.S. Highway 95 between Las Vegas and
Mercury, Nevada is heavily traveled compared to the portion of equal distance
extending further northwest as the result of daily commuter traffic. Lead con-
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tamination was apparent in foliage of desert vegetation collected alongside the
roadway, reflecting the variation in traffic volume on the two portions of U.S.
Highway 95 that were sampled. Lead contents greater than ten-fold of normal
were found in plant foliage alongside the heavily traveled roadway.

Figure 1. A portion of U.S. Highway 95 in southern Nevada show
ing the heavily traveled route between Las Vegas and Mercury at
the south entrance to the Nevada Test Site. The data indicate the
lead content in samples of plant foliage collected alongside the road
way and at field study sites (ppm dry tissue). The first value is for
samples collected in January 1969; the second is for samples col
lected in June.
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COMPUTER PROGRAM FOR

SELECTING RANDOM SAMPLING LOCI

Quantitative studies of the structure and species composition among plants
in an ecosystem often require the selection of random sampling sites over a
particular area of interest. Our work in Nevada associated with desert biome
studies of the U. S. International Biological Program required the development
of a computer program capable of selecting random sampling loci for a gener
alized study area. Most field workers use standard methods involving some
orderly pattern to obtain sample locations for field measurements. If sample
locations are to be a statistically valid random sample of a study population,
then any location of a given size (e.g. 1 m square) must have an equal chance
of being selected. The computer program described here selects a set of ran
dom sites within a study area of any prescribed dimension. The size of each
sampling site (quadrat) is specified and the program insures that all such quad
rats within the total area are equally susceptible to selection. The symbolic
language used for the computer program is PL/1 and program development was
on the UCLA campus computing network IBM system 360, model 91 computer.
A system random number generating function is used to select the random num
ber pairs whose intersections identify quadrat locations within the study area.
The program was designed so that sampling quadrats could be randomly dis
tributed over the entire area or stratified according to any desired pattern.

Figure 1. Scaled, schematic diagram of the I. B. P. study area en
closed in a rectangle in order to define boundaries and convert loca
tions to map coordinates.
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Table 1.

Columns
on card

1-2
4-8

10-14
16-20 etc.

Data card pertaining to values of Xl and the associated Y
intersections.

Descriptions

Number of pairs of intersections.
First intersection encountered by line.
Second intersection encountered by line.
Additional intersections encountered (occurs only if complex
shape of polygon results in a line entering the polygon more
than once).

Methods

The study area is first drawn to scale on graph paper and the resulting
polygon enclosed in a rectangle of minimum size (Figure 1). Two of the ad
joining boundaries (of lengths!:!. and Q, respectively) of the enclosing rectangle
are chosen as conventional X and Y axes for a system of coordinates capable
of defining any point within the rectangle. The basis for choice of axes should
insure minimum X and Y values at the lower left rectangle origin. It is next
necessary to define the boundaries of the study area lying within the enclosed
rectangle. The X and Y axes are marked off in equidistant intervals. The
size of the interval (i), selected at the discretion of the investigator, should
be small enough to insure good resolution of the study area boundaries. The
boundaries may now be specified on a set of data cards. There is one data
card for each value of X, i. e., for X = 0, X = i, X = 2i '" X = a-i. Each
data card of this set specifies the number of times a line extended from the
X-axis intersects the boundaries of the study area (usually only twice), and
gives the respective Y values for each intersection (Figure 1). Table 1 illus
trates the data card pertaining to values of Xi and the associated Y intersec
tions. The data deck is ordered in ascending values of X. One additional data
control card; placed at the beginning of the data deck, is needed in order to
run the program (Table 2). This card gives parameters relating to the spe
cific study area and the number of random sampling sites desired. As noted
previously, the X and Y axes of the rectangle enclosing the study area were
arbitrarily scaled, atequalintegers, from zero to!:!. and Q. This scale will
usually not coincide with the values actually assigned to the study area in the
field. Hence, the X and Y coordinates of the sampling sites generated by the
program will not match the field coordinates unless they are appropriately
adjusted. To make this adjustment the first two fields of the data control

Table 2.

Columns
on cards

1-6
8-13

15-16
18-22
24-28
30-34
36-40
42-46

Control data card for execution of program.

Description

X amount to be added to graph zero location.
Y amount to be added to graph zero location.
X axis (i) interval.
Number of data cards describing plot.
Number of random values desired.
Starting point for random number generating function.
Distance of X baseline.
Distance of Y baseline.
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card give the amount by which the X and Y coordinates must be increased to
correspond with field coordinates. It will be observed that each X and Y coor
dinate must be increased by 6300 (Figure 1, map coordinates) to achieve this
correspondence. The third field on the data control card gives the X axis inter
val (i) selected. The fourth field gives the number of cards in the data deck
(defining the boundaries of the study area). The number of random points (X-Y
intersections) desired is given in the fifth field. The sixth field is any four
digit number chosen arbitrarily as a starting point for the random number gen
arating function. The last two fields give the lengths @ and ,2.) of the X and Y
axes respectively.

Major program functions are listed below:
a. Read in the data deck.
b. Define the study area boundary.
c. Select random values of X and Y pairs. Test the intersection of these
paired values to determine whether they fall within the study area or on its
boundary. Valid locations are counted and retained. Iteration of the pro
cess continues until the requested number of random points is completed.
d. Sort paired X and Y values in ascending order of their Y value. This
operation is for the convenience of the investigater in locating the random
sampling sites.
e. Print paired values of random X and Y in ascending order of X value
(Table 3).

Figure 2. Computer-plotted graph of the Rock Valley I. B. P. vali
dation site with random sampling locations.
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Table 3. Random cartesian locations for Rock Valley I. B. P. validation
site.

No. X location Y location No. X location Y location

1 6349 6839 51 6786 6747
2 6375 6894 52 6791 6820
3 6401 6815 53 6794 6735
4 6401 6904 54 6802 6780
5 6422 6764 55 6814 6635
6 6427 6827 56 6821 6855
7 6438 6659 57 6825 6970
8 6457 6718 58 6840 6575
9 6457 6746 59 6843 6684

10 6495 6854 60 6844 6595
11 6495 6723 61 6845 7069
12 6497 6744 62 6854 6743
13 6497 6724 63 6857 6982
14 6502 6760 64 6877 6760
15 6503 6857 65 6878 6978
16 6505 6756 66 6891 6685
17 6508 6546 67 6908 6800
18 6510 6577 68 6949 6939
19 6522 6608 69 6952 6807
20 6529 6482 70 6970 6859
21 6532 6611 71 6974 7049
22 6534 6528 72 6980 6893
23 6552 6466 73 7009 7120
24 6552 6500 74 7012 6801
25 6565 6873 75 7040 6768
26 6571 6486 76 7051 7014
27 6595 6616 77 7055 6926
28 6600 6868 78 7061 7014
29 6609 6912 79 7072 6823
30 6615 6418 80 7073 7126
31 6615 6874 81 7078 7050
32 6622 6712 82 7091 7038
33 6624 6462 83 7102 6828
34 6629 6513 84 7130 6831
35 6637 6961 85 7135 6614
36 6638 6819 86 7139 6657
37 6653 6773 87 7151 6890
38 6665 6366 88 7155 6776
39 6672 6872 89 7163 6715
40 6673 6545 90 7167 7148
41 6677 6519 91 7169 6764
42 6683 6683 92 7171 6858
43 6694 6897 93 7182 7157
44 6707 6971 94 7186 6777
45 6715 6570 95 7188 6949
46 6715 6463 96 7188 7038
47 6721 6929 97 7194 7052
48 6729 6525 98 7195 7188
49 6760 6870 99 7196 7157
50 6771 6565 100 7197 6848
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f. Depict a graph (Figure 2) of the enclosing rectangle and the study area,
with sampling loci superimposed. Locations are ordinarily indicated sim
ply by the numeral one. However, if several sampling points are so close
together that the computer printing resolution cannot resolve the differ
ence, a larger number is printed. This numeral indicates the number of
closely aggregated sampling points (Figure 1).

Conclusions

The program intent is to introduce a computerized method of selecting ran
dom sampling points for use in field studies. The information requirements
are minimal and the size or shape of the study area is irrelevant as long as it
may be drawn to scale on graph paper. The data cards contain Y-axis inter
sections for values of X incremented by some fixed interval (i) from 0 to a-i.
All additional requirements are contained on one data control card. Random
quadrat dimensions should be integer values, as should the selected interval
(i) between values of X. Stratified sampling of a large field plot may be ac
complished by submitting one subdivision at a time for random number selec
tion.

H. W. Kaaz is the principal author of this report.



SOME IMPORTANT ASPECTS

OF PLANT BEHAVIOR IN THE DESERT

The Nevada Test Site represents a transition zone between the Great Basin
Desert and the Mojave Desert. Much of the behavior and distribution of the
shrub species in the Nevada Test Site is related to this transition. Factors
obviously influencing the distribution of shrubs include soil moisture, soil and
air temperatures, amount of freezing, soil pH, soluble salts including sodium
salts and gypsum, slope, parent material, the calcareous and noncalcareous
nature of soil, soil structure and aeration, drainage, underlying hardpan cali
che layers and possibly allelopathy. Whether or not any of these factors are
more important than others is difficult to determine because under certain
conditions each can be the dominant factor. Interactions among the factors
undoubtedly are the most common cause of differences in vegetation mosaics.
Continuing studies are being made of these factors and their interactions by
many groups of workers.

The plant species present at the Nevada Test Site represent a remarkable
array of adaptations to survival under desert conditions. Studies to date have
probably identified only a small portion of these mechanisms. Some of those
of considerable interest include the following:

1. Rapid rate of depth of rooting of seedlings of Larrea divaricata (see
page 121) and Artemisia tridentata (see page 95) is remarkable. Elongation
at a rate of 2i cm per day almost immediately after germination insures po
tential use of as much soil moisture as is available.

2. Germination of seeds of shrubs in late summer (see page 279) follow
ing summer rains makes possible survival through the winter and the next
spring before the seedling needs to endure summer drought.

3. A low soil temperature requirement for breaking dormancy and high
temperature dormancy (see pages 112 and 143) permits most shrubs to com
plete a seasonal cycle while the season is cool and when soil moisture is plen
tiful.

4. C4-dicarboxylic acid pathway of photosynthesis (see page 331) enables
some plants to grow rapidly under high temperature and low soil moisture
conditions. More rapid growth within a given period of time enables plants to
complete a cycle during the period when soil moisture or other conditions are
favorable.

5. Ease of leaf abscission makes it possible for some species to avoid
dehydration to the lethal point (see page 140 and 157). Lycium andersonii and
Franseria dumosa leaves abscise easily and abscission can be induced by hot
dry winds.

6. Leaf structure (leaf dissection) and size (smallness) (see page 303)
leads to easy heat dissipation so that leaves do not easily acquire sufficient
heat to cause death.

7. Adaptations to permit photosynthesis at low leaf water contents as for
1. divaricata (see page 127) and Krameria parvifolia (see page 164) permit
survival under conditions for which most ordinary plants die.

8. Of the various mechanisms of adaptation in seed germination, that of
extremely rapid germination (see page 148) is one of the most remarkable.
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Seed of the Salsola species literally explode in minutes when moisture and
temperature are favorable and the seedling achieves establishment by rapid
elongation of cells previously divided. The embryo is a fully differentiated
seedling.

9. Work must be done by leaves to obtain water from almost dry soil
and one of the adaptive mechanisms to accomplish this is an increased differ
ential temperature between the leaf and its environment. This is achieved by
stomatal regulation (see pages 312 and 325).

10. Some species obtain water during periods of rain and retain it by
adaptive insulating structures for use in dry seasons as in some cacti.

11. In summer months some species may be able to use vapor water (see
page 115). Vapor may precipitate in soil due to temperature differentials.

12. Some species avoid competition by producing chemicals which prevent
other species from competing with them (see page 310).

13. Some species are structurally arranged so that rainfall when moder
ate is channeled down the branches and enters the base of the stem (see page
328). Soil near the base of a stem of shrubs in the desert is usually more
permeable to water because of a long-time build up of soil organic matter.
Water striking the soil under many desert conditions is likely to run off rather
than penetrate the soil.

14. Plant reestablishment by vegetative means is a survival mechanism
(see pages 105 and 165). Individual shrubs do not live forever and establish
ment of seedlings is usually a precarious matter with several factors needing
to be correlated to achieve it. A most common means of shrub propagation is
for crowns to break up into several individual plants. When roots are injured
some species readily initiate shoots from the cut roots (see page 122).

Community synthesis is perhaps the most important consideration for
biological survival under desert conditions. Shrubs in the northern Mojave
Desert portion of the Test Site are generally associated together in clumps and
seldom are there pure stands of any shrub. There are some, however. The
relationships among the individuals within a clump appear to be mostly random
(see page 205). The soil within a clump is just a good place for a new plant to
grow in. Centuries of organic matter decomposition and animal activity insure
this. Animal populations appear to use most of the annual seed production in
the ecosystems at the Nevada Test Site. Populations adjust rapidly to changing
food supply (Beatley, 1970). Calculations indicate that animal populations
easily could consume essentially 100% of the annual seed production. This
most certainly is not achieved in nature, however, because of the numerous
seedling germinations. The animal populations do achieve a degree of regu
lation over the plant populations, however, but use of seed for food is not the
only factor involved.

There is a large amount of year to year variation in environmental char
acteristics of the areas under study and, consequently, the year to year vari
ability in biological responses is also great (see page 230). For example, in
some extremely dry years seed production is very inefficient and can be rela
tively low in proportion to the vegetative production. All these factors contrib
ute to the final character of our desert ecosystems and imply that there is yet
much to be learned concerning them.
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ROCK VALLEY PROJECT: PLANS FOR THE STUDY OF

RADIATION EFFECTS ON PLANT POPULATIONS

(W. E. Martin, December 1963)

Beginning early in 1964, a circular areaofabout9hectares 1in Rock Valley
at the Nevada Test Site will be exposed to gamma radiation from 13 7Cs at a
chronic, relatively uniform level of about 4 R per day. The gamma field and
two of the three nearby control plots of equal area are enclosed by rodent-proof
fences. The third control plot is unfenced.

The major objective of this experiment is to study the effects of chronic,
uniform, low level gamma radiation on small mammal populations in their nat
ural environments. Plans are also being made to utilize the same experimen
tal facilities to study the effects of chronic radiation on desert plant popula
tions.

It is expected that a careful comparison ofthe behavior (seasonal develop
ment, growth of photosynthetic tissue, and reproductive success) of plant pop
ulations in the gamma field with that of similar populations in one or more of
the control plots in the same vicinity will: (1) contribute to the animal studies
by broadening our general understanding of radiation effects on desert ecosys
tems, and (2) contribute to our meager knowledge of the effects of ionizing ra
diation on the ecology of plant communities.

Description of the Study Area

A. Topography
The gamma field and control plots in which these studies will be conducted

are located on a broad alluvial fan bordering the northwest-side of the Specter
Range ~ 36° 40' N x 116° 5' W). The slope within plots ranges from 3% to
5%, and the initial drainage is toward the northwest. Subsequent drainage from
Rock Valley is southwesterly into the Amargosa Desert east of Lathrop Wells,
Nevada.

B. Soil~
The soils in the study area are derived from a heterogeneous, highly cal

careous alluvium composed primarily of Cambrian limestones from the Spec
ter Range (Johnson & Hibbard, 1957). On the steeper slopes above the study
area and in the shallow drainage channels which traverse the study area, there
has been no profile development. The soils on gentler slopes have character
istic profiles.

Two soil types have been distinguished and their distribution has been de
scribed (Table 1) on the basis of surface and profile characteristics. The "ma
ture" soil of this area is characterized by desert pavement and the "young"
soil is characterized by the absence of desert pavement. The surface of the
desert pavement soil is composed of stones (1 to 4 cm diameter) lying close to
gether with their longer axes on the horizontal plane to form a smooth, hard
surface which is virtually devoid of plant life. The underside of each stone is
coated with lime, and the upper sides of non-calcareous stones are usually
coated with desert varnish. The desert pavement stones are embedded in a
thin (1 to8 cm) layer of loam which is essentially free of stones and has a def
inite vesicular structure (Springer, 1958). The surface of "young" alluvium
is also stoney, but the stones do not lie on the same plane and many have lime
encrustations on exposed surfaces. The stoneless, vesicular layer (Av )
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is usually lacking.

The profiles of both soil types are characterized by the downward leaching
and deposition of lime and other soluble minerals. Stones in the A-horizon
have lime encrustations only on their undersides. Stones in the B-horizon
have lime coatings on all surfaces, and the matrix soil usually has a weak
blocky structure. The frequency of lime seams and nodules increases with
increasing depth, and heavy lime deposits, generally below (45 to 60 cm), form
a massive but weakly cemented layer of caliche (Cca)'

The texture and certain chemical properties of soil collected at "desert pave
ment" and "young alluvium" sites appear in Table 1. These preliminary analy
ses seem to indicate a fairly high degree of similarity between the two types.

C. Vegetation
The vegetation of the study area is more or less characteristic of the

Northern Mojave Desert (Jaeger, 1957; Allred et al., 1963). A preliminary
comparison of shrub populations in the proposed gamma field with those in the
nearest fenced control plot (Table 2) has indicated a fairly high degree of sim
ilarity.

Eight out of the 10 species encountered on a total (25 transects X 15 m)
375 m of line transects in each plot were found in both plots. The total shrub
population (ca. 4272 shrubs per hectare) in the gamma field is somewhat smal
ler than that of the control plot (ca. 5586 shrubs per hectare), but this differ
ence can be attributed largely to the greater prevalence of desert pavement
occurring in the gamma field. The importance values of the two characteris
tic species, Larrea divaricata and Franseria dumosa, are virtually the same
in each plot. The coefficient of similarity, based on importance values, was
81%. None of the differences demonstrated by this comparison appear to be
great enough to invalidate the comparison of shrub populations in the gamma
field with populations of similar species in one or more of the control plots.

The herbaceous flora of Rock Valley (Beatley, 1962) includes one peren
nial grass (Oryzopsis hymenoides) and more than 50 species of herbaceous
annuals. Detailed information concerning the occurrence and abundance of
herbaceous species in the gamma field and control plots has not yet been col
lected.

D. Phenology
The seasonal development, growth and flowering of both the herbaceous

and the woody species in Rock Valley are closely regulated by seasonal varia
tions in rainfall and temperature (Beatl ey , 1963). Most desert annuals in this
area are known to germinate shortly after the first rainfall of one-half inch or
more between September and December. These species pass the colder
months as seedlings or rosettes; and then complete their growth, flower, set
seed and die the following spring (March through June).

Most of the shrub species seem to follow a similar pattern. Leaves and
flowers are produced during the spring or early summer. By midsummer,
most shrubs are virtually leafless and either dormant or semi-dormant, but
the first heavy rains of late summer or fall are usually followed by a second
flush of leaf development and flowering which may continue until cold weather
sets in.

Possible Effects of Chronic Radiation on Plant Populations

A. Previous Studies at the Nevada Test Site
Much of the vegetation of Yucca Flat has been exposed to air blast, ground
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shock, thermal radiation and ionizing radiation from nuclear detonations; but
none of the effects thus far observed can be attributed unequivocally to ionizing
radiation. Shields and Wells (1962) have described the zonation of plants a
round several ground zero sites in Yucca Flat. While they concede that expo
sure to ionizing radiation may have had some effect on this vegetation, they
finally concluded that all the effects they were able to observe after several
years of recovery could be attributed to air blasts, ground shock, and thermal
radiation. More recently, Martin (1963) has described the effects of an under
ground nuclear detonation (Project Sedan) on vegetation at the north end of
Yucca Flat. To a distance of 760 m from ground zero, the vegetation was
completely destroyed by air blast and/or covered by radioactive throwout de
posits. Between 760 m and about 1525 m from ground zero, shrubs were se
verely to moderately damaged by air blast and exposed to cumulative gamma
doses between 1000 and 10,000 R. Between 1525 m and 3050 m from ground
zero, plants were not damaged by blast but were exposed to heavy deposits of
radioactive dust derived from the base-surge cloud. In one area about 3050 m
southeast of ground zero, a population of 1. divaricata was exposed, over a 2
month period, to cumulative gamma doses of 5000 to 6000 R. Subsequently,
these plants lost all their foliage; but now, about 17 months after the detonation,
about two thirds of the defoliated plants have produced new leafy branches from
lateral buds or from adventitious buds which developed near the bases of the
larger branches. These effects cannot be attributed unequivocally to radiation
because the potential effects of dust alone are not yet known. We plan next
summer to observe the effects of heavy dust deposition on non-irradiated speci
mens of Larrea.

In general, the 40-day cumulative gamma doses at distances greater than
3050 m from Sedan ground zero were less than 4000 R., and this is well below
the dose (7500 rads) required to kill pine trees (Pedigo, 1963) which are thought
to be much more sensitive to radiation damage than most other plant species.
From this rather limited experience, it may be reasonable to assume that
plants which were not damaged by air blast or ground shock from the past nu
clear detonations in Yucca Flat were not generally exposed to lethal doses of
gamma radiation. Those plants which may have been damaged by sub-lethal
doses of gamma or gamma-neutron radiation have subsequently recovered
and now appear quite normal. While this reasoning is somewhat speculative,
it could explain the apparent absence of radiation damage to the much bombed
and frequently exposed vegetation of Yucca and Frenchman Flats at the Nevada
Test Site.

B. Experimental Studies at the Brookhaven National Laboratory
A. H. Sparrow and his colleagues (Sparrow et al., 1961a, and b; Sparrow

and Evans, 1961; Evans and Sparrow, 1961) at Brookhaven National Laboratory
have shown that the major site of radiation damage to plants is the cell nucleus,
and that most radiation effects on growth and development can be related to the
doses absorbed by the nuclei of meristematic cells. The results of experiments
involving the exposure of various species of herbaceous annuals to chronic
gamma radiation have shown that the frequency of chromosomal aberrations,
the frequency of somatic mutations, and the degree of growth inhibition at a
given dose rate are closely related to the nuclear volumes (and chromosome
numbers) of cells in apical meristems. In summarizing these results, Spar
row has shown that the regression of average chromosome volume (nuclear
volume per chromosome number) on the chronic dose rate required to cause
severe growth inhibition (less than 20% of controls) is approximately -0.93.
A regression coefficient of -1. 0 would indicate that the product of chromosome
volume and the chronic dose rate required to produce severe growth inhibition
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Table 2. Comparison between shrub populations in the proposed gamma
field (Plot B) and those in the nearest control plot (A) in the
Rock Valley Study Area, Nevada Test Site, based on the study
of 25 line-intercept transects, 15 m per transect, in each plot.

Shrub species Plot T N ID %F %D %C IV(I)

Coleogyne ramosissima A: 1 1 0.4 1.5 0.5 0.3 2.3
B: 4 6 2.2 4.4 3.4 2.3 10.1

Dalea fremontii A: 0 0 0.0 0.0 0.0 0.0 0.0
B: 1 1 0.4 1.1 0.6 0.4 2. 1

Ephedra nevadensis A: 9 11 5.6 9.5 5.7 5.2 20.4
B: 13 23 8.2 14.1 13.1 8.4 35.6

Eurotia lanata A: 1 2 0.7 1.5 1.0 0.7 3.2------
B: 3 5 0.9 3.3 2.9 1 5 7.7

Franseria dumosa A: 16 44 18.9 16.8 22.8 17.7 57.3
B: 17 46 17.8 18.5 26.2 18.2 62.9

Grayia spinosa A: 2 3 1.5 2.1 1.6 1.4 5.1
B: 4 6 4.5 4.4 3.4 4.6 12.4

Krameria parvifolia A: 21 38 13.3 22.0 19.7 12.5 54.2
B: 4 5 2.2 4.4 2.9 2.3 9.6

Larrea divaricata A: 21 44 31. 1 22.0 22.8 29.2 74.0
B: 19 38 29.7 20.6 21. 7 30.4 72.7

Lycium andersonii A: 24 50 35.1 25.2 25.9 33.0 84.1
B: 17 30 20.7 18.5 17.1 21. 2 56.8

Lycium pallidum A: 0 0 0.0 0.0 0.0 0.0 0.0
B: 10 15 10.4 10.9 8.6 10.7 30.2

Totals A: 95 193 106.9 100.6 100.0 100.0 100.0
B: 92 175 98.2 100.2 100.0 100.0 100.0

Coefficient of Similarity: (2) 74% 73% 77% 75% 73% 78% 81%

(1 ) T = number of transects on which species was encountered.
N = number of plants encountered on a total of 25 transects.

ID = intercept distance (meters)per 25 transects.
%F = relative frequency, %D =relative density, %C = relative cover.
IV = %F + %D + %C (Importance Value).

(2) Coefficient of Similarity = 2w/a+b, where a and b are the sums of recorded
values for plots A and Band w is the sum of the smaller values in each
pair.

Additional Data Plot A Plot B

Per cent of total area covered by plants 28.8% 26.4%
Total number of shrubs per hectare 5586 4272
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is a constant. Other studies (Sparrow et al., 1961) have shown that the chronic
dose rates required to produce other effects are roughly proportional to those
required to produce severe growth inhibition (Sparrow and Woodwell, 1962).

From these studies, Sparrow and Woodwell (1962) have developed a method
of predicting the sensitivities of plant species to chronic radiation. Prior
to the chronic irradiation of a near-climax oak- pine forest at Brookhaven Na
tional Laboratory, this method was used (Woodwell and Sparrow, 1962) to pre
dict the responses of woody perennials. They based their predictions primar
ily on the nuclear volume and growth inhibition relationships revealed by stud
ies of annuals grown under cultivation in a gamma field. Measurements made
about 8 months after the beginning of chronic irradiation indicated that severe
growth inhibition was induced by chronic dose rates several times lower than
had been predicted.

Apparently, the trees and shrubs growing under natural conditions in the
forest community were relatively more sensitive to radiation damage than
were comparable herbaceous species growing under cultivation in the gamma
garden. Perhaps, these results can be explained as follows: (1) The irradia
tion of forest plants began during their dormant period, and the average dose
absorbed per nucleus in the dormant meristems was higher than would have
been absorbed by the nuclei of the actively growing meristems of herbaceous
annuals under cultivation. (2) The plants growing in the forest community
were probably subjected to greater physiological and environmental stresses
than the plants grown in the gamma garden. (3) The average period of expo
sure for herbaceous plants was only 3 months (10 to16 weeks), but the forest
was exposed for 8 months before measurements were made. Woodwell and
Sparrow (1962) concluded that determinations of nuclear volumes and chromo
some numbers provide a basis for predicting the radiosensitivity of plant
species "within broad limits" but "further refinements of the method are need
ed."

The nuclear volumes of deciduous trees and shrubs in the Brookhaven
National Laboratory forest and of ten shrub species in Rock Valley are given
in Table 3. The results reported by Woodwell and Sparrow indicate that the
apical meristems (both terminal and lateral) of all the woody species in the

Table 3. Nuclear volumes of trees and shrubs in the Brookhaven National
Laboratory forest (from Woodwell and Sparrow, 1962) and of
shrub species in Rock Valley, Nevada Test Site (N. R. French).

Brookhaven National Laboratory, N. Y.
Species Nuc. vol. (J3)

Quercus alba 166

Quercus illicifolia 106

Quercus coccinea 86

Vaccinium angustifolium 60

Vaccinium vacillans 46

Gaylussacia baccata 32

Rock Valley Area, Nevada Test Site
Species Nuc. vol. (W)

Ephedra nevadensis 633
Lycium andersonii 187
Krameria parvifolia 136
Lycium pallidum 91
Eurotia lanata 82
Fr'ii1'S8ria dumosa 70
Dalea frem~ 63
Grayia spinosa 47
Larrea divaricata 46 (?)
COIeOgyne ramosissima 30
(?) indicates tentative determinations
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Brookhaven National Laboratory forest were killed by 8 months exposure to
chronic dose rates over 100 R per day, but the predicted LD90 for Gaylussacia
baccata and Vaccinium species was about 500 R per day. The chronic dose
rates required to produce about 50% growth inhibition were about 4 R per day
for Quercus coccinea and Quercus illicifolia , about 10 R per day for Quercus
alba, and 15 to 20 R per day for the ericaceous shrubs (Yaccinium species and
GaYiussacia baccata).

If the Rock Valley species' response to chronic radiation is analagous to
that of similar species observed in the Brookhaven National Laboratory forest,
a year's exposure to 4 R per day might produce moderate to severe growth in
hibition in those species having nuclear volumes of 80 cubic microns or more,
but the growth of species with smaller nuclear volumes would probably appear
normal. If the effects of environmental stress are greater in Rock Valley than
in the Brookhaven National Laboratory forest, a chronic dose rate of 4 R per
day in Rock Valley might be equivalent to a chronic dose rate of 8 to 12 R per
day in the Brookhaven National Laboratory forest experiment. Obviously,
these considerations are highly speculative. The behavior of a desert shrub
community exposed to chronic radiation may be quite different from that of a
deciduous forest, and it seems important to stress the uncertainties of any
predictions we might make at this time.

C. Experimental Studies at Dawsonville, Georgia, and Emory University
R. B. Platt and his students at Emory University have also studied the ef

fects of ionizing radiation on natural plant communities. Their results provide
an additional basis for speculations concerning the possible effects of chronic
radiation on plant populations in Rock Valley.

During the summers of 1958 and 1959, several oak, hickory, and pine stands
near Dawsonville, Georgia were exposed to acute gamma-neutron doses from a
partially shielded reactor (Cowan and Platt, 1963). During the autumn following
irradiation, the nearby pine trees turned brown and lost their foliage, and the
foliage of deciduous trees exposed to radiation was lost earlier than that of
similar trees which had not been irradiated. The following year, winter dor
mancy was prolonged. Many buds failed to develop, and those which did de
velop produced less terminal growth and fewer leaves than did non-irradiated
buds of the same species. Most of the leaves produced by radiation damaged
buds were deformed beyond recognition. In general, pine appeared to be more
sensitive than hickory which was more sensitive than oak (Platt, 1963).

Forest stands close to the reactor were apparently killed by high radiation
doses (over 10,000 R). During 1960 and 1961, herbaceous species charac-
teristic of old-field succession in this area became established under the defol
iated trees; but by the summer of 1963, these had been largely replaced by
abundant coppice growth from the underground structures of trees and shrubs.

All the readily observable effects of radiation on trees and shrubs in this
area could be attributed to the damage of dormant or developing buds. The
underground parts of woody plants, shielded from radiation, were not killed
and have been able to produce new growth which appears to be normal (McGin
nis, 1963).

Studies by McCormick and Platt (1962), made in the gamma field on the
Emory campus, have confirmed the importance of physiological stress in de
termining a plant's apparent sensitivity to radiation damage. In these studies,
plants were first exposed to radiation and then compared with non-irradiated
controls which were grown in the greenhouse under optimal conditions or else
the irradiated and non-irradiated plants were subjected to shading, drought,
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or heat treatments. In most cases, the plants placed in optimal environments
after being irradiated showed little or no response to the radiation treatments;
but the tolerance of irradiated plants to shading, drought and heat treatments
was lower than that of non-irradiated plants of the same species. McCormick
and Platt concluded that "the effects of radiation (on plants) were not expressed
until (their) physiological tolerances were challenged." (It is interesting to
note that Woodwell and Miller, 1963, came to a similar conclusion after study
ing the effects of chronic low level gamma radiation on the radial growth of
Pinus rigida. )

D. General Principles Concerning Radiation Effects on Plants
From the results of the studies briefly reviewed above, I believe it is rea

sonable to suggest that several principles are apparent. A brief statement of
these principles should provide useful guidelines in planning to study the effects
of radiation on plant populations in Rock Valley.

1. The major site of radiation damage to plants is the cell nucleus; and
the amount of damage suffered by a given cell nucleus exposed to chronic radia
tion is related to those factors which determine the absorbed dose per nucleus
or per chromosome.

2. Because the average life span (interphase) of cell nuclei in an actively
growing meristematic tissue is shorter than that of cell nuclei in a dormant
meristem, active meristems are less susceptible to the effects of chronic ra
diation. This may explain the observation that woody perennials are apparently
more sensitive than herbaceous annuals having the same nuclear characteris
tics.

3. Under given environmental conditions, the relative radiosensitivities
of the several species I populations comprising a plant community (or synusium)
appear to be related to the nuclear volumes (and average chromosome volumes)
of their apical meristems.

4 When exposed to a given chronic level of radiation, the apparent sensi
tivities of the individual plants comprising a species' population can be expected
to vary in relation to the physiological stresses imposed on each plant by its
immediate environment. Therefore, radiation plus another potentially limiting
factor such as low temperature, high temperature, or inadequate moisture may
have synergistic effects on physiological processes controlled by cell nuclei and
involved in development, growth, reproduction, etc.

5. Most of the readily observable and conveniently measurable effects of
chronic radiation on woody perennials are, apparently, the results of damage
to the nuclei of dormant or active meristematic cells. At sublethal dose rates,
such damage may result in a reduction of growth and photosynthetic capacity
and a reduction of reproductive capacity.

E. Possible Effects of Chronic Radiation (4 R per day) and other Environmen
tal Factors on the Perennating Buds of Desert Shrubs

Some of the possible effects of chronic radiation on dormant or active buds
are listed below. These are the kinds of potentially significant effects we have
been led to expect from the Rock Valley experiment. Our general plan of pro
cedure will be to make periodic observations, in the gamma field and in one or
more of the three control plots, which should enable us to detect and measure
these kinds of effects if they occur.

1. Reduction of growth and photosynthetic potential
a. The dormant meristems in buds may be killed and fail to develop.
b. The winter and/or summer dormancy of irradiated buds may be
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prolonged; and growth may begin in the gamma field at a later date
than in the control plots.
c. Terminal growth may be reduced, but it may be difficult to mea
sure the terminal growth of some desert shrub species.
d. The number and size of leaves (and therefore the amount of chlor
ophyll)produced per bud per branch or per plant may be less in the
gamma field than in the control plots.
e. The number of new buds per plant at the end of the growing season
may be less in the gamma field than in the control plots.
£. The stems, leaves, and new buds produced by plants in the gamrr:a
field may be morphologically aberrant in comparison with those in the
control plots.

2. Reduction of reproductive potential
a. The time of flowering and time of pollination in the gamrr:a field
n; ay be later than in the control plots.
b. The number of flowers per plant or per dormant bud at the begin
ning of the growing season may be less in the gamma field than in the
control plots.
c. The frequency of pollen sterility and/or ovule abortion may be
higher in the gamma field than in the control plots.
d. The number of fruits per flower and/or the number of seeds per
fruit may be less in the gamma field than in the control plots.
e. The germination rate of seeds produced in the gamma field may
be lower than that of seeds produced in the control plots.
£. The mortality rate of seedlings grown from seed produced in the
gamma field may be higher than that of seedlings grown from seed
produced in the control plots.

It should be noted that none of the possible effects listed above are ex
pected to be pronounced during the early part of the experiment. If the effects
of chronic radiation on perennial plants are cumulative-and that appears to be
the case in the Brookhaven National Laboratory forest (Woodwell, 1962)-some
striking differences between vegetation in the gamma field and that of the con
trol plots may become evident after several years of chronic exposure.

It should also be noted that any of the kinds of effects listed above could
be caused by differences in environmental factors other than ionizing radiation.
As mentioned earlier, the seasonal development (growth of leaves, develop
ment of flowers, onset of dormancy, etc.) of plants in Rock Valley and else
where at the Nevada Test Site appears to be closely regulated by the amount
and seasonal distribution of rainfall. Summer and winter dormant periods may
be related to rainfall and to seasonal temperature changes; and normal damage
to buds may result from desiccation, from high or low temperature extremes,
or from the activities of small mammals, insects or other organisms. We
have reason to believe that ordinary environmental conditions and stresses in
gamma field and control plots are essentially the same. The possibility that
differences may exist, and that these may be large enough to cause differences
in the behavior of plant populations, makes it necessary to measure certain
environmental conditions in both the gamma field and in the control plots.

Tentative Procedure for Comparing the Gamma Field with Control Plots

A. Environmental Comparisons
1. United States Air Resources Laboratory: They have installed a standard

weather station at the approximate center of the Rock valley study area. In
struments at this station will provide data concerning air temperature and hu-
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midity at 1. 5 m above the surface, wind velocity and direction at 3 m above
the surface, and precipitation.

2. Stations in Plots: Plans have also been made to install 6 to 12 supple
mentary stations in the gamma field and in each of the control plots. The in
strumentation at each station will include: (a) "max-min" thermometer mounted
under a sunshield about 37 cm above ground, (b) a rain gage consisting of a
17 cm plastic funnel mounted on a 2-liter bottle which will be buried in the
ground and held in place by a lead washer, and (c) gypsum soil blocks and iron
constantan thermocouples buried at depths of 0.15,0.3,0.6,0.9, and 1.2 to
1. 8 m below the surface.

Weekly records of air and soil temperature, rainfall, and soil moisture
should provide fair estimates of the variations within plots and the differences
between plots. If these conditions are essentially the same for all plots, it
will probably be safe to assume that any major differences between the bl hav
ior of plant populations in the gamma field and that of similar populations 'n
the control plots can be attributed to gamma radiation.

3. Dosimetry: While the dose rate in the gamma field is expected to be
relatively uniform, variations due to topography and a certain amount of plant
shielding are to be expected. Estimates of exposure doses to the various
above-ground parts of plants in different parts of the gamma field can be ob
tained by attaching film badges and/or glass-rod dosimeters to selected plants.
For comparative purposes, a smaller number of film badges and glass-rod
dosimeters may be exposed in the control plots.

B. Comparison of Populations
1. Shrubs: A 15-m grid has been established in each of the four plots,

and the intersections of grid-lines are marked by wooden stakes. Using each
grid stake (a total of 400 per plot) as a sampling point, shrub populations will
be sampled by the quarters method. At each point, the distance from the grid
stake to the nearest plant in each quadrant of the grid will be measured to pro
vide an estimate of the average interval between shrubs. The species, height,
and average crown diameter of each selected shrub will also be recorded.

These data will provide a basis for estimating the actual and relative fre
quency, density, and dominance of each species. Estimates of dominance can
be based on coverage or on the average volume of space occupied by each
species.

Supplementary data may be collected by measuring the intercept distance
of each species along the grid-line transects. Using all the grid lines in one
direction, west to east or north to south, would provide a total transect dis
tance of about 5670 m which is more than adequate. The line-intercept data,
if deemed necessary, would provide additional estimates of coverage, point
frequency, and relative density.

2. Herbs: At or near each grid stake we expect to establish a small (prob
ably 2 x 5 dm) permanent quadrat for the sampling of herb populations. Since
the number of herbaceous species in this area is four to five times greater than
the number of shrub species, it may be necessary (at some later date) to in
crease the number of herb plots. Because most herbaceous species can be
identified only when they are in flower, it may be necessary to tally each
quadrat several times during a growing season. Once the species in each
quadrat have been identified and counted, estimates of frequency and density
can be made; and these data can be used to compare the herb populations in
the gamma field with those in the control plots.
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C. Comparison of Population Behavior
1. Shrubs: After the basic population parameters and relative importance

of each species comprising the shrub vegetation of the gamma field have been
established, we intend to select representative sets of 50 to 100 specimens
from each of the major species' populations. If possible, these sets will be
selected from among those plants included in the quarters-method survey.
This procedure would greatly facilitate the relocation and identification of in
dividual specimens.

The number of species observed and the number of specimens per species
should be as large as possible, but practical considerations such as time and
man power will set some upper limit. Statistical analyses of the initial data
should provide estimates of the minimum numbers of observations required to
reveal various magnitudes of differences between irradiated and non-irradiated
plant populations. To facilitate the field work and the possible transfer of data
to cards for computer analyses, separate records will be maintained for each
specimen selected for careful observation.

The initial population sampling, the selection of specimens for periodic
observation, and the initial collection of data should be completed before the
end of winter dormancy. Subsequent observations and measurements will be
made at various times during and after the growing season. The kinds of ob
servations and measurements to be recorded for each specimen are indicated
below.

a. Specimen identification code, e. g., Ld-D-NE-6682 would indicate
Larrea divaricata in plot D located in the northeast quadrant of grid
point 6682.
b. Description of dormant plant:

(1). Genus and species already recorded.
(2). Height and average crown diameter already recorded.
(3). Number of main branches at ground level, number of dead

branches, and branches with apparently healthy dormant buds.
(4). Each living branch should be numbered to facilitate the re

cording of
(a). Length of branch from tip to lowest dormant bud.
(b). Number and condition (H, D, or D to indicate healthy,

uncertain, or dead \ of buds per branch.
c. Development during spring-summer growing season

(1). Number of buds per branch which remain dormant or die.
(2). Number of buds per branch which produce leaves or flowers.
(3). Number of flowers per branch, time of flowering and pollina-

tions.
(4). Number of leaves per foliage bud per branch and length of

terminal growth.
(5). Number of mature fruits per branch.

d. Late summer condition
(1). Repeat tallies indicated by b(4) above

e. Development during summer-fall growing season
(1). Repeat observations indicated by c (1-5) above.

f. Collection of samples for determination of
(1). Weight and chlorophyll content of photosynthetic tissue pro

duced per bud per branch and per plant.
(2). Frequency of pollen sterility and/or ovule abortion.
(3). Number of seeds per fruit, germination rate of seeds, and

mortality rate of seedlings.
(4). Nuclear volumes and chromosome numbers in dormant and
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active meristems.

(N. B. In some cases, the samples required for the laboratory studies in
dicated above may be collected from the specimens selected for periodic obser
vation; but to avoid the unnecessary disturbance of these particular plants,
most such samples will be taken from other plants of the same species in the
same vicinity. )

2. Herbs: As indicated earlier, there are several reasons for supposing
that most herbaceous annuals are less sensitive than most woody perennials to
damage by chronic radiation. Consequently, the study of low level radiation
effects on herb populations may be delayed until satisfactory procedures for
the study of shrub populations are well established.

The seedlings and rosettes of desert annuals are apparently cold-hardy
and some investigators have expressed the opinion that virtually all the seed
lings and rosettes one may observe in the fall will survive to flower the follow
ing spring. Winter exposure to chronic radiation might have some effect on
the survival and flowering of these plants.

We plan this winter to mark the locations of seedlings and rosettes in a
number of small quadrats in the gamma field and in an equal number of quad
rats in one of the control plots. Those which survive the winter will be col
lected after the flowering season next spring. When time permits, these spec
imens will be identified and various measurements will be made to determine
the relative success of irradiated and non-irradiated plants. By next year it
may be possible to undertake a more sophisticated study in the field and to
supplement field studies with laboratory studies.

The Need for Supplementary Studies and Additional Radiation Facilities

A. Limitations Imposed by the Experimental Design
As mentioned in the introduction, the Rock Valley experiment was designed

primarily for the study of chronic, low level radiation effects on small mammal
populations in their natural environments. The simultaneous study of plant
populations in the same community should contribute to the animal study and to
a broader understanding of low level radiation effects on a desert ecosystem.

The earlier sections of this report have given several reasons for the sup
position that a chronic dose rate of only 4 R per day may cause some measur
able changes in the photosynthetic and reproductive potentials of desert plants;
but the actual effects on most of the plant populations in Rock Valley may be
subtle and the interpretation of data indicating small differences may be con
founded by slight differences in regard to other environmental factors. Unless
the observed effects are greater than expected, it may be difficult to ascribe
them entirely to radiation and not to any other environmental factor.

As a contribution toward the better understanding of desert plant ecology
and the effects of low level radiation on desert ecosystems, even negative re
sults might be of considerable value. As a contribution to the broader field of
radiation ecology and the specialized field of radiation botany the value of this
study would be greatly enhanced by supplementary experiments designed spe
cifically to study the effects of gamma radiation on desert plant populations.

B. Cytological Studies Needed
The Brookhaven studies have shown: (1) that the frequency of chromosomal

aberrations and somatic mutations in plants exposed to chronic radiation tend
to increase with increasing dose rate, (2) that the chronic dose rate required
to produce severe growth inhibition is virtually a linear function of nuclear
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and/or chromosome volume, and (3) that chronic dose rates required to pro
duce severe growth inhibition are proportional to the chronic dose rates re
quried to produce greater or lesser effects.

It would be a worthwhile undertaking to determine whether these principles
also apply to the effects of radiation on natural plant populations. Any compe
tent cytologist could make the necessary determinations of nuclear volumes and
chromosome numbers, and it might be possible to determine whether the fre
quency of chromosomal aberrations in the gamma field is higher than in the
control plots. But, to determine the relative sensitivities and responses of
different species populations in a natural plant community, the effects of sev
eral dose rates should be observed and measured. A point source such as the
unshielded 137Cs source being used at Brookhaven National Laboratory would
be ideal for this purpose because it would provide a gradient of dose rates in
stead of the uniform, low dose rate required for the study of small mammal
populations in Rock Valley.

C. Physiological-Ecology Studies Needed
Some of the experimental results described earlier have shown that other

environmental factors are important in determining the responses of natural
plant populations to chronic radiation. Certain aspects of the effects of gamma
radiation on the tolerances of plants to other environmental factors could be
studied in the laboratory and glasshouse, in a small radiation field such as
the one on the campus of Emory University, or in an irradiated garden such
as the one at Brookhaven National Laboratory. Those approaches offer many
advantages, but the results may not be applicable to natural communities.

Before reaching broad conclusions concerning the ecological significance
of results obtained from controlled-environment experiments, similar exper
iments should be performed in natural communities, and desert plant com
munities might be ideal for this purpose. For example, the interaction of ra
diation and moisture stress could be studied in Rock Valley by the comparison
of plant populations on irrigated and non-irrigated plots exposed to different
levels of chronic radiation.

D. Supplementary Field Studies Needed
While a great deal of useful data can be obtained from laboratory experi

ments, we are primarily interested in the potential effects of ionizing radia
tion on plant populations in their natural environments. Since natural environ
ments are difficult (perhaps impossible) to duplicate in the laboratory, glass
house, or experimental garden, there is an obvious advantage to be gained
from conducting experiments in the field under natural or near-natural condi
tions except for the imposition of experimental treatments.

The field studies outlined earlier will provide information concerning the
effects of one level (4 R per day) of chronic gamma radiation on one type of des
ert shrub community. In order to determine the potential range of radiation
effects on desert plant communities or the maximum level of radiation which
could be tolerated or even the lowest level which might be lethal to the least
tolerant species, considerably more information will be required.

E. An Additional Radiation Source is Proposed
Estimates of the basic parameters concerning potential radiation effects on

desert plant populations could be obtained most conveniently by means of an exper
iment similar to the forest irradiation experiment at Brookhaven National Labora
tory (Woodwell, 1961-3; Woodwell et al., 1962-3). This would require the erec
tion of another source in another part of Rock Valley. An unshielded source of
10,000 c of 13 7Cs would expose a circular area of about 15 hectares, contain-
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ing between 6000 and 7500 shrubs, to chronic radiation doses ranging from
over 1000 R per day to slightly less than 1 R per day. The replication of most
shrub and herb species at different dose rates should be sufficient to provide
good estimates of the major parameters relating to the relative sensitivities
of different species to chronic radiation in their natural environments. After
2 or 3 years in Rock Valley, the source could be moved into another commun
ity type, and similar estimates would be obtained for a different array of spe
cies. If the source were designed to make it portable or semi-portable, a
greater variety of field experiments could be undertaken.

Summary

1. The primary objective of the Rock Valley experiment is to study the
effects of chronic, low level (4 R per day) gamma radiation on the small mam
mal populations ina 9-hectare enclosure. This paper describes the plans which
have been made to compare the behavior of plant populations in the gamma field
with that of similar populations in non-irradiated control plots.

2. Preliminary studies have indicated that the soils and the shrub popula
tions of the gamma field are sufficiently similar to those of the control plots
that valid comparisons can be made between them.

3. Previous studies at the Nevada Test Site have provided no unequivocal
evidence of radiation damage to plant populations exposed to the prompt and
residual effects of nuclear detonations in Yucca Flat; but experimental studies
at Brookhaven National Laboratory and Emory University have provided data
and established principles which can be used, within broad uncertain limits,
to predict the possible effects of chronic (4 R per day) gamma radiation on the
plant populations of Rock Valley.

4. Thus far, our plans to study radiation effects on plants in Rock Valley
have been based on the expectation that a chronic gamma dose rate of 4 R per
day will be high enough to damage the nuclei of meristematic cells in the dor
mant buds of the most sensitive shrub species. We expect the results of this
damage to be measured as a reduction of growth, photosynthetic potential and/
or reproductive potential.

5. Tentative procedures have been outlined for the measurement of en
vironmental factors and population parameters in the gamma field and control
plots. Procedures have also been outlined for the periodic collection of data
which should permit us to compare the behavior (seasonal development, growth
of photosynthetic tissues, and reproductive success) of plant populations in the
gamma field with that of similar populations in one or more control plots.

6. The limitations of this particular study and the need for supplementary
studies are also considered. The value of plant studies already planned for
Rock Valley could be greatly enhanced and the scope of radiation botany studies
at the Nevada Test Site could be greatly expanded by the installation of an un
shielded gamma source (similar to the 137Cs source now in use at Brookhaven
National Laboratory) in another part of Rock Valley.

This report is included for its historical value to the Rock Valley study.
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